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PREFACE. 

These Elemetttory Leaaona in Astronomy are intended, in the 
main, to serve as a test-book for use in Schools, hut 1 believe 
tiey will be found useful to " children of a larger growth," who 
wish to malie themselves acquainted with tke basis and teachings 
of one of the most fascinating of the Sciences. 

The arrangement adopted is new ; but it is the result of much 
thought. I have been especially anxious in the descriptive por- 
tion to show the Sun's real place in the Cosmos, and to separate 
the real from the apparent movements. I have therefore begun 
with the Stars, and have dealt with the apparent movements in a 
separate chapter. 

It may be urged that this treatment is objectionable, as it re- 
dnoea the mental gymnastic to a minimum ; it is right, therefore, 
that I should state that my dm throughout the book has been to 
give a connected view of the whole subject rather than to discuss 
any particular parts of it; and to supply facts, and ideas founded 
on the fliots, to serve as a basis for subsequent study and discus- 
sion. 

It has been my especial endeavor to incorporate the most re- 
cent astronomical discoveries. Spectrum-analysis and its results 
are therefore fully dealt with ; and distances, masses, etc, are 
baaed upon the recent determination of the solar parallax. 

The use of the Globes and that of the Telesoopehaveboth been 
touched upon. Now that our best opticians ore employed in pro- 
ducing "Educational Telescopes," more than powerful enough 
for school purposes, at a low price, it is to be hoped that this ind 
to knowledge will soon find its place in every snhool, side by side 
with the blackboard aud much qnestioning. 
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I take this opportunity of expressing my thanliB to Mr, War- 
ren Be La Rue, and also to the Conncii of the Eoyal Astronomi- 
cal Society, M. Guillemin, Mr. E. Bentley, the Eev. 11. Godfray, 
Mr. Coolie, and Mr. Browning, who have kindly supplied me 
with maay of the illustrations. 

I am also under obligations to other friends, especially to Mr, 
Balfour Stewart and Mr. J. M. Vilson, for valuahle advice and 
criticism, while the work has been passing through the press. 
J, S". L. 



It has been the eiia of the American Editor to extend the 
usefulness of Mr, Lockyer's admirable treatise, by specially 
ailapting it to the schools of the United States. With this view, 
he has condensed the text in some parts, and enlarged it in 
others; he has introduced new illustrations, and has added ques- 
tions to facilitate the labors of the examiner and to furnish the 
student with a test of his preparation. He has also extended the 
practical directions for finding interesting objects in the heaveaa 
on different evenings throughout the year. Celestial Charts con- 
taining the constellations and principal stars, taken from the 
" Popular Astronomy " of Arago, have been appended. They 
will be found to answer tlie purpose of a large Atlas of the Heav- 
ens, and will help to inspire the learner with interest in the sub- 
ject and to give a practical bearing to his studies. 

It is hoped that this treatise, embodying as it does the 
most recent and interesting results of tetronomical discovery — 
many of which are due to the researches of its distinguished au- 
thor — will be found just what is needed as an elementary test- 
book on the subject, and that it may give an impetus to the study 
of Astronomy in both public and private schools throughout the 

New Tore, August, 18T0, 
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ELEMENTS OF ASTRONOMY. 

INTRODUCTION. 

General Viefio. 

1. Astronomy is the science that treats of the heavenly 

bodies. 

2. The Heavenly Bodies. — ^At night, if the sky be 

cloudless, we see It spangled with eo many staes that it 
seems impossible to count them; and we see the same 
eight in whatever part of the world we may be. The 
Earth on which we live, is, in fact, surrounded by stars on 
all sides ; and this was so evident to even the first men 
who studied the heavens that they pictured the Earth 
standing in the centre of a hollow crystal sphere, in which 
the stars were fixed like golden nails. 

3. In the daytime the scene is changed. In place of 
thousands of stars, our eyes behold a glorious orb whose 
rays light np and warm the Earth ; and this body we call 
the suK, So bright are its beams that, in its presence, all 
the " lesser lights," the stars, are extinguished. But, if we 
doubt their being still there, we have only to tate a can- 
die from a dark room into the sunshine to understand how 

1. What l8 Astronomy t 3. Deecrfbe theaiipearance of tlie aky at niglil. By 
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10 INTRODUCTION. 

their feeble light, like that of the candle, is " put out " by 
the greater light of the Sun. 

4. There are, however, other bodies which attract our 
attention. The moon shines at night, now as a crescent 
and now as a full Moon, sometimes, like the Sun, render- 
ing the stars invisible. Its changes show us that there is 
some difference between it and the Sun ; for, while the Sun 
always appears round, because we receive light from all 
parts of its surface turned toward us, the shape of the bright 
portion of the Moon varies from night to night, that part 
only being visible which is turned toward the Sun. 

;. Again, if we examine the heavens more closely still, 
we may see, after a few nights'- watching, one, or perhaps 
two, of the brighter " stars " change their position with 
regard to the stars lying near them, or relatively to the 
Sun if we watch that body at its rising and setting. These 
are the planets; the ancients called them "wandering 
stars." 

6, But the planets are not the only bodies which move 
across the face of the sky. Sometimes a comet may by 
its sudden appearance and strange form awaken our inter- 
est, and make us acquainted with a new class of objects, 
unlike any of those heretofore mentioned. 

7. Such are the celestial bodies ordinarily visible. Far 
away, and comparatively so dim that the naked eye can 
make little out of them, lie the nubdx^ (from the Latin 
nebula, "a cloud"); so called because in the telescope 
they often put on strange cloud-like forms. They differ 
as much from stars in their appearance as comets do from 
planets. 

There are other bodies, to which we shall refer by and 
by. We will here merely state in a general way what As- 



What haa become of the start 


i! 4. What other body done sec 8t night? What 


changea does the Moon undi 




Leavens, what may we see f 


8. What hodies aomcthneB suddenly appear* T, 


WMl other heavenly bodlee i 


ire mentioned? Describe the nebula;. 8 What is 
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THE STABS, n 

troiiomy teaches us concerHing star and eun, moon and 
planet, comet and nebula. 

8. The Stars, — ^To begin, then, with the stare. So far 
from being stationary and fixed, as it were, in a hollow 
glass globe, at nearly equal distances from us, they are all 
in rapid motion, and their distances vary enormously; 
though all of them are so very far away that they appear 
to be at rest, as a ship does when sailing along at a great 
distance from us. In spite, however, of their great and 
varying distances, science has been able to get a mental 
bird's-eye view of all the hosts of stars which the heavens 
reveal to our eyes, as they wonM appear to us if we could 
plant ourselves far on the other side of the most distant 
one. The telescope — an instrument described further on — 
has, in fact, taught us that all the stars which we see form 
but a cluster of islands, as it were, in an infinite ocean of 
space. We may therefore think of all the stars which we 
see, as forming our universe / and, when we have fixed 
that thought well in our minds, we may think of space 
being peopled with other universes, as there are other 
cities besides New York in the United States. 

9. Further, we know that our Sun is one of the stars 
that compose this cluster, and that the reason why it ap- 
pears so much lai^er and brighter than the rest is simply 
because it is the nearest star to us, 

"We all know how small a distant house looks, or how 
feebly a distant gas-light seems to shine ; but the distant 
house may be larger than the one we are in, or the distant 
light be brighter than the one which, being nearer to ua, 
renders the other insignificant. It is precisely so with the 
stars, Not only would they appear to ns as bright as the 
Sun, if we were as near to them, but we know for a fact 
that some of them are larger and brighter. 

the fact wUh respect (o Oie motion and distancBa of the etara t Whnt does Iho 
ictlng the atttrsf Willi what maywe resaiil space as 
ir Sun t Wlij does It apiiear larger and brighter Uian 
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12 INTRODUCTIOK. 

10. Now, why do the stars and the San shine? Thoy 
shine, or give out light, because they are white-hot. They 
are glohes of the fiercest fire ; on their surfaces, masses of 
metals and other suhstances are burning together more 
fiercely than any thing we can imagine. 

u. The FlanetB. — What, then, are the planets? We 
may first state that they are comparatively small todies 
travelling round our Sun at various distances from him. 
Our Earth is one of them. There is, however, an impor- 
tant difference between the planets and the Sun. We 
have seen that the Sun is white-hot ; the surface, or outer 
crust, of our Earth, on the contrary, we know to be cold — 
all the heat we get coming from the Sun — and because it 
is cold, it cannot give out light. Astronomers have 
learned that all the other planets are like the Earth in 
this respect. They are all dark bodies — having no light 
in themselves ; and they all, like ns, get their light and 
heat from the Sun, When, therefore, we see a planet in 
the sky, we know that its light is sunshine second-hand ; 
that, as far as its light is concerned, it is but a looking- 
glass reflecting to us the light of the Sun. 

We have now got thus far : planets are dark or non- 
luminous bodies travelling round the Sun, which is a 
bright hody — bright because it is ichite-hot ; and the Sun 
is a star, one of the sta/rs which together form our uni- 
verse; the reason that it appears larger and brighter than 
the other stars being because it is nearer to us than they. 
It seems likely that the other stars have planets revolving 
round them, although they are so very far away that the 
telescopes we possess at present are not powerful enough 
to show us their planets, if they have any. 

1 z. The Moon. — We now come to the Moon. What 



med. Am the othur etaiB stteuded ttj planeti 
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NEBULA AND COMETS. 13 

is it ? Tlie Moon goes round the Earth, as tlic planets re- 
volve round the Sun ; it is, in fact, a planet of the Earth ; 
it is to the Earth what the Earth is to the Sun. Like the 
Earth and planets, it is a dark hody, and this is the rea- 
son it does not always appear round as the Sun does. We 
only see that part of it that is lit up by the Sun. In the 
Moon Tve have a specimen of a third order of bodies, 
called satellites, or companions, as they accompany the 
planets in their courses round the Sun. 

We have, then, to sum up again — (l) The Sun, a star, 
like all the other stars in motion; (2) Planets revolving 
round the Sun ; (3) Satellites revolving round the planets. 

1 J. Nebulas and Comets. — Nebulse and comets are very 
ditferent from the stars and planets, for they are masses 
of gas. The nebulse lie far away from us, some of them 
perhaps out of our universe altogether. The comets rush 
for the most part from distant regions to our Sun, and 
having gone round him they go back again, and we only 
see them for a small part of their journey. 

We saw in Art. 10 that the stars shine because they 
are white-hot ; so also nebulse and comets shine because 
they are white-hot : but in the case of the stars we are 
dealing with solid or liquid matter, in the case of the neb- 
ulse and comets with burning gas. 

14. Further Facts. — Such, then, are some of the bodies 
with which the science of Astronomy has to deal ; but 
astronomers have not rested content with the appearances 
of these bodies ; they have measured and weighed them, 
in order to assign to them their true place. Thus they 
have found that the Sun is 1,245,000 times larger than the 
Earth, and the Earth 50 times larger than the Moon. 
They have also discovered that, while wo travel round the 

U the Moon! Uf what urderof bodies Is it a epcclmcuf 13. How do tlic nebulae 
and eomela differ fmiD the eUn snd planoler Wti]- du tliej eliins F 14. What 
baveastroaatiterB found witli respect totlie comparHtiie aize of tlie Sun. Eartli, 
and Moon t Wliat, mltli respect to the dielance of the Moon and San from the 
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Sun at a distance of 91,000,000 miles, the Moon travels 
round us at a distance comparatively insignificant — only 
240,000 miles. Thus the greater size of the Sun is bal- 
anced, BO to speak, by its greater distance; the result 
being that the large distant Sun looks about the same size 
as the small near Moon. 

1 5- We already see how enormous are the distanucs 
dealt with in Astronomy, although they are measured in 
the same way as a land-surveyor measures the breadth of 
a river that he cannot cross. The numbers we obtain when 
we attempt to measure any distance beyond our own little 
planetary system convey no impression to the mind. 
Thus the nearest fixed star is more than 20,000,000,000,000 
miles away ; the more distant ones are so far away that 
their light, which travels at the rate of 185,000 miles in a 
second, requires 50,000 years to reach our eyes ! 

In spite, however, of this immensity, the methods em- 
ployed by astronomers are so sure that the distances, sizes, 
weights, and motions, of the nearer bodies, are now well 
known. We can, indeed, predict the place that the Moon 
— the most ditficult one to deal with — will occupy ten 
years hence, with more accuracy than we can observe its 
position in the telescope. 

i6. Here we see the utility of the science, and how 
upon one branch of it. Physical Astronomy, which treats 
of the motions and structure of the heavenly bodies, is 
founded another branch. Practical Astronomy, which 
teaches us how their movements may be made to help 
mankind. 

17, tTsefalness of Astronomy. — Let us first see what it 
does for our sailors and travellers. A ship that leaves our 
shores for a voyage round the world takes with it a book 
called the "Nautical Almanac," prepared three or four 

Earth ! IB. What kind of diataDces are dealt with in ABlronomj- 1 How fiir off 
iattaoneBTeBt fixed star! Han br are (be mora distant oneH t 16. Of what does 
PhyelcBl Aettonomj treat? What braucJi of the Btieai* Ib founded on this? 
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years in advance by government astronomers. In this 
book, the places the Moon, Sun, stars, and planets, wOl 
oecapy at certain stated hours for each day are given, and 
this information is all that sailors and travellers require to 
find their way across pathless seas or unknown lands. 

But we need not go on board ship or into new coun- 
tries to find out the practical uses of Astronomy. It is 
Astronomy that teaches ns to measure the flow of time — 
the length of the day and the year ; without Astronomy 
to regulate them, clocks and watches would be quite use- 
less. It is Astronomy that divides the year into seasons 
for us, and teaches us the times of the rising and setting 
of the Moon, which lights up our night. It is to Astron- 
omy that we must appeal when we would inquire into the 
early history of our planet, or wish to map its surface. 

1 8. Such, then, is Astronomy — the science which, as its 
name, derived from two Greek words [aariip, a star, and 
v6(io^, a law), implies, unfolds to us the laws of the stars. 

Early History of Astronomy. 

19. The establishment of the general fa«t8 just stated, 
and the various laws and principles which constitute the 
science of Astronomy at the present day, has been the 
work of centuries. The first astronomers were the Ancient 
Shepherds, who, as they tended their flocks beneath the 
canopy of heaven, naturally became interested in the orbs 
with which it was studded, observed their motions, and 
gave names to those that were most conspicuous. They 
knew, however, only such isolated facts as were apparent 
to the eye , it was reserved for 1 iter iires to tra^-e \ isible 
effects to their c^u'»e«, and to build up theories , and not 
till the improved instruments of comparatively recent 

n Of what US" Id Astronomy to salloTB? Mention aome ot tho other nass of 
AstrnnoniT 18 Wh t « th n ea ing and shit f d r vatt q of thn vord 
aslTOROmyf 19 Who were the first asttonome st What fiitta alone were 



Google 



16 INTRODUCTION. 

times extended the field of human vision almost heyond 
lielie^ was it poasible to penetrate the mysteries of the 
science to their depths. 

aa The CIialdeaiiB and Egyptians were the first to 
mate any material progress in Astronomy, The former, 
by continued observation, discovered that the eclipses of 
the Moon recur in the same order in periods of 18 years, 
and were thus able to predict them with considerable ac- 
curacy ; the latter investigated the motions of the planets, 
and established a sacred year of 365:J days. 

The Chinese, also, paid great attention to this science 
in very early times. More than 2,300 years before the 
Christian era (according to their own records), a tribunal 
was estahlished for the prosecution of astronomical studies, 
and particularly for the prediction of eclipses. Its mem- 
bers were held responsible with their lives for the correct- 
ness of their calculations ; and we are told that one of the 
emperors actually put to death his two chief astronomers 
for failing to predict an eclipse of the Sun. 

2 1. Prom Egypt, the cradle of learning, art, and sci- 
ence, the Greeks obtained their first knowledge of astron- 
omy, to which their wise men made important additions, 
Thales, about 600 b. c, taught that the world was round, 
and that the Moon shone with reflected light. His pupil 
Anasimander conceived the bold idea of a plurality of 
worlds — that is, that the planets are inhabited, A little 
later, Pythag'oras is said to have advanced the opinion 
that the Earth and other planets revolve round the Sun. 
Whether he did so or not, it is certain that this was taught 
by Aristarchus about 380 b, c. ; as, also, that the distance 
of the Sun from the Earth is insignificant in comparison 

known to them t SO. Whet nations were the first to make any materia) progress 
in astronomy I What did the Chaliieana discover ! What did the I^jptians in- 
ycetigate t What evidence le there that the ChineBe paid Kreat attention to »8- 
tronomyln BBrlytimCB? SI. Whence did the Greeks obtain Uieir knowledge 
ofttBltnnomyt What was langht by Thalee? What, by Anasimander? What, 
by Fyihogotast What, by AHslarchuBf What was done by EFalneiheneB t 
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with that of the stars. Among other famous Greek astron- 
omers were Eratos'thenes, who devised an accurate method 
of measuring the circumference of the Earth, and Hippar- 
chus, who made a catalogue of all the stars visible above 
his horizon. 

Ptolemy, an eminent Egyptian astronomer who flour- 
ished in the second century after Christ, rejected the the- 
ory of Pythagoras and Aristarchus respecting the solar 
system, and advanced one of his own, which soon met with 
general acceptance. He taught that the Earth was the 
centre of a system of eight immense hollow spheres of crys- 
tal, placed one within another: that the Moon was in the 
nearest sphere; Mercury in the next; Venus in the third; 
the Sun in the fourth ; Mars, Jupiter, and Saturn, in the 
fifth, sixth, and seventh, respectively ; and that the eighth 
belonged to the stare, which, though most distant, were 
still visible through the transparent crystal. The revolu- 
tion of this cumbrous system round the Earth from east to 
west, once in twenty-four hours, he thought would ac- 
count for the succession of day and night, and the various 
phenomena of the heavens. 

22. During the Dark Ages, Astronomy was cultivated 
chiefly by the Arabians, who made no advance as regards 
theory, hot were diligent observers, and devised some im- 
provements in instruments and methods of calculation. 
Even after the termination of this period, comparatively 
little progress was made until the time of Coper'nicns, a 
German priest, about 850 years ago. He ventured to 
reject the system of Ptolemy, which then generally pre- 
vailed; and, reviving the teachings of Pythagoras and 
Aristarchiw, set forth what is called from him the Coper- 
nican system, now very generally received as true, though 
at first bitterly denounced as visionary and even irreli- 

What, by Hippftrchnat What Hieorj' wse advatCKd by Ptolemy f sa. By whom 
wa» asliononij- cbtefly enlHvBtfld during tho Dark Ages f Wliat Improvements 
were made bf tlie Arabians t When and b; wham vae Ihe present theorjr of tbe 
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gions. Its three fandamental points are, (l) that the 
Earth is round; (2) that it turns on its axis from west to 
east; and (8) that the Earth and other planets revolve 
round the Sun. 

33- After Copernicus came the great Italian philoso- 
plier Galileo, who first used the telescope, and was thus 
enabled to make many important discoveries, all tending 
to support the theory of Copernicus. The day on which 
Galileo died was memorable for the birth of Newton, 
whose great discovery of the law of gravitation explained 
the planetary motions, while his mathematical researches 
gave a new impetus to the science. 

Mathematical Definitions. 

Certain mathematical terms used in Astronomy must 
be understood. 

24. A Line ia a magnitude conceived as having length 
without breadth or thickness. 

25. A Straight Line is one that has the same direction 
fta. 1. R throughout. It is the shortest distance 

: between two points. AJB&nd. CD are 

Fia 3 Straight lines. 

^ -^ A Curved Line, or Curve, is a line 

/ \ that changes its direction at every point, 

^ f asEF. 

Parallel Lines are such as maintain the same distance 

from each other at all points, &» AB and C 2> in Figure 1. 

a6. An Angle is the difference in direction of two 

straight lines that meet. The point at which they meet 

is called the Vertex of the angle. 

An angle is named from the letter at its vertex, if but 

unlversfi advanced? What are ils throe fnndftmBntnl poinSs ? S3. Ej what two 
philnsciphcrs ws» CopemtcuB succeeded, and what diBcoverlea did thejniDhe? 
94. Wh»t ia a Ltnef 95. Whal Is a Straight I.lnet What is a Cncved Line! 
as. Whatle an Anglo t Eon is anangia named r fH. When are two UneaBald 
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one angle is formed there. Otherwise, it is named from the 

letters on each side and at the vertex, that at the vertex 

PiQ. 3. being placed in the middle. The angle in 

A Fig, 3 13 called K ; if more than one an- 

^^^'"^ gle were formed there, it would be dis- 

tinguished as IKL or L KI. 

The size of an angle depends not at all on the length 
of its sides, hut simply on their difference of direction. 
The angle ^will become no larger, however far we may 
extend its sides. 

Fio.4. 37. When one straight line meets 

^ another in sneh a way as to make the 

two adjacent angles equal, the lines are 

I said to be perpendicular to each other, and 

■^ " 'i the angles formed are called Right Angles. 

The angles ROI* and NOQ, being equal, are right 
angles ; and the lines 2^ 0, I* Q, are perpendicular to 
each other. 

Fie. 5. An Obtuse Angle is one that is 

y^ greater than a right angle, ss It S T. 
/ An Acute Angle is one that is less than 
T s V a right angle, &%B,SY. 

28. A Surface is a. magnitude conceived as having 
length and breadth without thickness, 

A Plane is a surface with which a straight lino that 
joins any two of its points will coincide altogether. 

A Convex Surface is one that swells out in a rounded 
form, as the outside of an egg-shell, 

A Concave Surface is one that curves in, as the inside 
of an egg-shell, 

29. A Plane Figure is a plane bounded by a line or 



to be perpendicular to each other t What are the angles formefl by linea thatar 
perpenrllcular to each other called! What is an Ohtnsc Ajii;lef What Is a- 
AcuteAnglef S8. What le a Snrface? What is aPIaro! What !b a CoDve- 
SBifioet WhatiBaConcBTeaurfcce? 29. What Is a Plane Figure t 30. Wha 
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30. A Triangle is a plane figure ™" ' 
bounded liy three straight lines, as /x 
XYZ. / X 

31. A Circle is a plane fignre bounded Y i 
riD.7. hy a curve, every point of which is 

equally distant from a point within, 
called the Centre. 

The Circumference of a circle is the 
line that bounds it. Any part of the 
circumference is called an Arc. Fig. 7 
represents a circle ; A is the centre, 
BE CD the circumference; E B, B J), D F^ etc., are 




A Diameter of a circle is a straight line passing 
through its centre, and terminating at each end in the 
circumference, as X*^ in Fig. 7. Every circle has an 
infinite number of diameters, all equal. 

A Radius of a circle is a straight line drawn from the 
centre to the circumference ; a'&AB,AII,A G,AF,\a. 
Fig, 7. Every circle has an infinite number of radii, all 
equal, and each just half its diameter. 

Pio. 8. A Tangent is a straight line that 

touches the circumference of a circle 
in a single point, without cutting it at 
either end when produced ; as ji ^ in 
Fig. .8. 

31. The circumference of every 
— B circle may he divided into 360 equal 
parts, called Degrees (marked "). Each degree may be 
divided into 60 equal parts, called Minutes (') ; and each 
minute into 60 equal parts, called Seconds ("). 

A circumference may also be divided into 12 equal 
parts, of 30 degrees each. These are called Signs, 
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33. 4 Semicircle is one-half, a Quadrant one-fourtli, 
and a feextant one '■ixth of a circle, 

34. \n an^le la measured by the number of degrees in 
the arc that subtends it A right angle is subtended by 
one-fourth of the circumference (see O D £! \a Fig. 8), 
and is tlieretore an angle ot 90 degrees. 

Fig 9 35. An Ellipse is a curve 

(very point of which is at such 
distances from two points with- 
cilled its foci, that the sura 
\ of these distances is in each case 
same, AS Ois an ellipse ; 
D and J7 are its foci AB + A£ 
= BI>+BE=CJ) >rCE. 

An ellipse may be doaeribed by fastening the ends of a piece of thread 
at any two points (tlie foci) whose distance from eaeh other is less than 
the length of the thread, and then drawing a Ime around these points 
vrith a pencil placed against the thread, and kept stretched out as far as 
the thread will allow. The process is shown in Fig. 10. 





The thread here represents the anni of tlic distances from each point 
of the ellipse to the foci, and remains the same while the ellipse is 
described. Draw an ellipse according to these directions. 

The Centre of an ellipse is the point midway between 
the foci in the straight line that connects them, as O in 
Fig. 10. A Diameter is a line passing through the centre 
and terminating at each end in the ellipse; aa &!£, U. 

33. WhntisaSemidrolef Wiiat is a Quadrantf Wtiat Is a Seitantf 34. How 
iBunanoietoeaBHrear niustrate (hie in tho case of a iij;ht aogio. 35. What ia 
anElUpie! How may an ellipse Ija drawn ! What Is the Centre of an ellipeef 
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The Major Axis of an el- 
lipse is its longest diameter, as 
G If. The Minor Axis is its 
shortest diameter, as IJ^ 

The Eccentricity of an el- 
lipse is the distance of either 
focus from the centre, divided 
by half the major axis. Hence 
the greater the aforesaid dis- 
tance, the greater the eccentricity, and the more the ellipse 
deviates from a circla In Fig. 11, if i> J^ the distance 
of one of the foci from the centre, is to 6^ i^ half the 
major axis, as 2 to 3, the eccentricity of the ellipse will 
he%, or .66+. 

36. A Solid is a magnitude that has length, breadth, 
and thickness. 

37, A Sphere is a solid bounded by a curved surface 
every point of which is equally distant from a point 

Fio.is. within, called tho centre. A 

Hemisphere is half a sphere. 

A Diameter of a sphere is a 
straight line passing through its 
3f centre, and terminating at each 
, end in its surface. 

The Axis of a revolving 
sphere is the diameter round 
which it turns. The Poles are 
the extremities of the axis. In 
the sphere represented in Fig. 
12, the straight line connecting A and 5 is a diameter; 
and also the axis, if the sphere revolves round this 
diameter ; in which case A and S are the poles. 




What Is a Diametorf What U the Major j 
maanthythe Eccontricityof an clllpaef 36 
Sphere! What is a Hemisphere! What In 
theAxlH or a revolving sphere t What are 



the Poles! 38. What ie 1 
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38. Circles on the surface of a sphere are distinguished 
as Great and SmalL A Great Circle is one whose plane 
divides the sphere into two equal parts ; as A SS G- and 
G II, in Fig. 12. A Small Circle is one whose plane 

Fifl. 13, divides the sphere into two unequal parts, 

as (J J) and EF. 

The Circumference of a sphere is one 
1 of its great circles. The Equator of a 
sphere is that great circle which is equal- 
ly distant from the two poles, as (? -ff in 
Fig. 12. 

39. A Spheroid is a solid which differs fig. w. 
but little from a sphere. 

An Oblate Spheroid is a sphere flatr 
tened at the poles, as in Fig. 13. 

A Prolate Spheroid is a sphere length- 
ened out at the poles, as in Fig, 14. 





CHAPTER I. 



Magnii/udes and Distances of the Stars. 

40. Iffagnitudes of the Stars. — Tlie first thing that 
strikes us when we look at the stars is, that they vary 
very much in brightness. All of those visible to the 
naked eye are divided into sis classes of brightness, called 
38, so that we speak of a very brilliant one as " a 
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star of the first magnitude : " of the feeblest visihle, &b *' a 
star of the sixth magnitude," and so on. 

The number of Btara of all magnitudes visible to the 
naked eye under the most fevorable circumstances, is 
about 6,000 ; so that the greatest number visible at any one 
time — as we can only see half of the sky at once — is 3,000. 
If we use a small telescope this number is largely in- 
creased, as that instrument enables us to see stars too 
feeble to be perceived by the eye alone. The stars thus 
revealed to us are called Telescopic Stars. These also vary 
in brightness ; and the classification is continued down to 
the twelfth, fourteenth, sixteenth, and even higher mag- 
nitudes, according to the power of the telescope. With 
powerful telescopes, at least 20,000,000 stars down to the 
fourteenth magnitude are visible. 

41, Comparative firightneBS. — A star of the 6th magni- 
tude is, as we have seen, the faintest visible to the naked 
eye. Taking the average brightness of a 6th-niagnitude 
star as unity, the average brightness of the other classes 
is estimated as follows : — 

Gth magnitude, 1 I 3d magnitude, 12 



Even -Stars of the same magnitude differ considerably 
in brilliancy. It will be seen from the above table that 
the brightness of Sirius is more than three times as great 
as the average brightness of its class, 

42. The stars are usually divided about as follows : of 
the first magnitude, 20 ; of the second, 65 ; of the third. 



tbere t How many cBn be Been at once f Wbat are Telee 
they aiviaeijf How many a tare are there, inelnding thoii 
■■ f 41. Wliat in the comparalive brighlnesB of the 8(Hra t 
ilCBt HowdOBSIhebrightneaaofSirluB compare with the 
aclaser How does the Sun compare in hrlghtneea witi 
nitude t a. Slate the uumbet of stars of each of the fli 



,v Google 



DISTANCES OF THE STARd. 25 

200; of the fourtli, 450; of the fifth, 1,100; of the sisth, 
about 4,000, The number increases largely aa we descend 
in the scale of brilliancy. 

43. Distances of the Stars. — It is evident that the stars, 
as they shine with such different lights, one star differing 
from another star in glory, are either of the same size at 
very different distances, the most remote being of course 
the faintest ; or are of different sizes at the same distance, 
the largest shining the brightest ; or are of different sizes 
at different distances. In the case of twelve stars the 
actual distances arc known, and differ greatly ; as regards 
the rest, we car. only say it is most probable that the 
difference in brilliancy is due mainly to difference of 
distance. 

44. The distances of the stars from us are so great 
that to state them in miles hardly gives an adequate idea 
of them ; some other method, therefore, must be used, and 
the velocity of light affords us a convenient one. 

Light travels at the rate of 185,000 miles in a second — 
that is to say, between the beats of the pendulnm of an 
ordinary clock, light travels a distance equal to eight 
times round the Earth, Now, the nearest star (leaving 
the Sun out of the question) is situated at a distance which 
light, even with the extraordinary velocity just mentioned, 
requires three and a half years to traverse. We may say 
that, on an average, light requires fifteen and a half years 
to reach us from a star of the 1st magnitude, twenty-oight 
years from a star of the 2d, forty-three years firom a star 
of the 3d, one hundred and twenty from a star of the 6th, 
and so on, until for stars of the 12th magnitude the time 
reqiured is thirty-five hundred years. If, therefore, a 
star of the 6th magnitude were destroyed at the pres- 
ent moment, we should continue to see it in the heavens 
for 120 years to come; and if one of the I2th magnitude 
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were now created, it would bo 3,500 years before it would 
be perceptible to us. 

45. The Diameters of the Stars cannot be detennined by 
our most powerful instruments. As seen from the Earth, 
they are, in consequence of their distance, mere points of 
light, so small as to be beyond oui- most delicate measure- 
ment. The Moon, which travels very slowly across the 
slcy, sometimes gets before, or eclipses, or occults, some of 
them ; but they vanish in a moment — ^whieh they would 
not do, if they were not as small aa we have stated. 

46. The Milky Way, — ^Winding among the stars, a 
beautiful belt of pale light spans the sky, and sometimes 
it is so situated as to divide the heavens into two nearly 
equal portions. This belt is the Milky Way (see Celestial 
Charts at the end of the volume) ; and the smallest tele- 
scope shows that it is composed of stars so faint, and 
apparently so near together, that the eye can perceive 
only a dim continuous glimmer, Milton alludes to it 
as the 

" Broafl and ample rnaa 
Whose (Inflt is gold. Rod payement stara." 

Among file Greeks, tlio Milky Way was known as the Galaij and the 
Circle of Milk. The Climeae and Arabians call it the Celesliiil River. 
Some of the American Indian tribes regarded it aa the palh of departed 
souls to tbe E[Hrit-laud. In England tt used U> be £uiiiliaily called 
Jacob's Ladder. 

Different opinions prevailed among tie aneienia as to what it was. 
Aristotle thought it wai the result of gaseous exhalations from the earth 
Bet on fire in the sky. Theophrastus believed it to be the soldering 
together of two hemispheres constituting the celestial vault. Diodo'rua 
represented it as a dense celestjal fire, appearing throagh the clcfta of 
parting hemispheres. Denioc'ritus and Pythagoras divloed the truth, 
that the Galaxy is nothing more or leM than a vast assemblage of very 
distant stars ; and Ovid speaks of it as a highway whose groundwork id 
of stars. 
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4.7. The MageUanic Clonds, called the Mibec'ida Major 
and N'ubee'ula Minoi\ distinctly visible in the southern 
hemisphere on a clear moonless night, are two elondy oval 
maases of light, very Uke portions of the Milky Way, but 
apparently unconnected with its general structure. The 
telescope resolves them into single stars, star-elustei-s, and 
nebulous matter in various degrees of condensation. They 
are named from the Portagriese navigator Magellan, though 
he was not the first to observe them. 

Fig. 15 shows the appearance which part of the Nubec- 
ula Major presents, when viewed thi-ough the telescope. 




Shape of our Universe, 
48. Distribution of the Stars. — The largest stars are 
scattered very irregularly; but, if we look at the smaller 
ones, we find that they gradually increase in number as 
they approach the Milky Way. In fact, of the 20,000,000 
stars visible, as we have stated, in powerful telescopes, at 
least 18,000,000 lie in and near the Milky Way. 
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49 A Id ng thie fact to whit has I ee i s-iid abont the 
distances of the eta u we ca now deterrm e tl e b1 aje ot 
ou u ve ae It i clear that t s most exte le 1 \ he e 
the foil test "(tarB are iB ble ai d where they aj j ear nea 
est together 1 ecaase they a| j e:ir faint n conseqaence of 
then 1 sti oe a T beca «e then ippa ent close packing 
arihe'* ot fi m act al neamehs to each other h t fiom 
the r lyi g iitlat duecton at constantly ncreiBing Is 
tances Indeed tl e stare 1 ! fo m the M lk> "W" 
exte di g one behi id i tl e to a alia st ii Ce f s 
tin e aie ] obibly as f f on ea 1 tie as oi Su is 
tiom the nex e t t 

50 The Milkj ^Viy then t tees for us the 1 re t o 
11 vl I h o ir nivei e h^is its la gest dimensions Tl e al> 
Re ce f fa t ta tl e ] i U of the sky fi the9t fio n 

ot tl e e Be 

hit 1 e t o 1 
e niu 1 800 e 
reached than in 
the direction of 
the Milky Way 
itself We 

gathei, theie 
tore, that the 
thickneis of our 
universe is small 
compared with 
itb length and 
bie^dth that its 
shape is not 
bphciical, but 
rather thit of 1 
■cular piece of thick pasteboard AskI ts the Milkj 

' iO. What mfl J bo ioferrea reapectmg the siuipe tf ouruu 
does the Milky Wny traco for n-i ! Whnt do. o tl e alBei ce f 
avtuof the Bky remote from t c MilkvWajr b ow? ftl t i£ 
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Way divides into two principal branches, which, after pur- 
suing separate courses nearly half Its length, again unite, 
we infer that thia flattened stratum of stars is divided 
lengthwise, as if the rim of the pasteboard were split and 
its two surfaces pulled apart at a small angle through 
half the circle, as in Fig. 16. 

To account for the appearances presented, we must re- 
gard our solar system as lying nearly at the centre of this 
mass of stars, and near the region at which it begins to 
divide ; but, as there are more stars on the south side of 
the Milky Way than there are on the north, wc gather 
that our Earth occupies a position somewhat to the north 
of the middle of its thickness. 

On this supposition, all the stars which, owing to our 
position in observing them, appear so remote from the 
MiUcy Way, really form part of it, and our great Sun rep- 
resents bnt an atom of its luminous sand. 

5 1, Although the Milky Way thus enables us to get a 
rough idea of the shape of our universe, as we get an idea 
of tiie shape of a wood from some point within it by see- 
ing in which direction the trees appear thickest together, 
still the telescope teaches us that its boundaries are prob- 
ably very irregular. 

The Constellations. 



52, We have thus far considered our star-system as a 
whole, its dimensions, and shape. Before we ]iroceed with 
a detailed examination of the stars composing it, it will be 
convenient to state the groupings into which they have 
been arranged, and the way in which any particular star 
may be referred to. 

53. The stars, then, from remote antiquity, have been 
classified into groujis called Constellations, each couHtella^ 

Inferredfrom thfl fact that thi! Milky Wiyrtivides inio Iwo principal brabchcst 
Where must we FB^rd onr Bolar Byelem as tying? 51. Whal does the lelesrope 
teacli us respecting the liounaarioB of the Mllkj Way ? 53. How liavj the etare 
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tion being fancifully named after some obje«!t (in most 
cases, an aniaia! or mythological personage) which the ar- 
rangem.ent of the stars composing it was thought to sug- 
gest. For the most part, however, little or no resemblance 
can be traced to the object after which the group Is 
named; compare, for instance, the outline of the Great 
Bear with the position of the principal stars composing 
that constellation, as shown in Fig. 17. 




The teflembianoe bdug in most oases so remote that the oEfbrt to trace 
the figures in Che sky ia iinsatiBfactorj and confusing, it has been thought 
better to present, in the Celestial Charts at the close of this TOlume, the 
boundaries and rektive positions of the eonstelladons, as indicated by 
dotted lines, than to delineate the animals and fabulous personages from 
whieh thej are named. 

54. Some of the most marked constellations probably 
received their names 1,600 years before the Christian era, 
and all the leading ones were known in the time of Ara'- 





aiBcdt Aflor what are t 
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wer^ the iGoding 
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tns {270 B, c), who described them in verse. About 150 

yeara after Christ, Ptolemy arranged in 48 coostellatioos 
the 1,022 stars which Hipparehua had observed at Rhodes 
250 years before. Tycho Brahe, a Danish astronomer, 
added two constellations in the sixteenth century; and to 
these 50 (called the ancient constellations), 59 have since 
been added, making the present number 109. 

55- The Zodiacal Constellations.— The Latin and 
English names of the ancient constellations and the most 
important modem ones will now be given. We be^n 
with the twelve through which the Sun passes in hia 
annual round. These are called the Zodi'acal Constellar 
tions ; they are to be very carefully distinguished from 
the signs of the to'diac bearing the same name. Their 
names should be learned in the order in which they are 
presented, and should be found on the Celestial Charts at 
the end of the volume, where the constellations are laid 
down in order on the heavy circle called the Ecliptic : — 
Li'hrOy the Balance. 

Scorpio, the Scorpion. 

, Sagiita'rius, the Archer. 
Gaj^icomus, the Goat, 
Aguariiis, the Water-bearer. 
1, IHsces, the Fishes. 

The order of the names may perhaps be more readily 
remembered, if they are thrown together in rhyme : — 
The Earn and Bull lead oif the lice ; 
Next Twins, and Crab, and Lion, shine, 

The Virgin and the Soales; 
Scorpion and Archer nest are due, 
The Goat and Water-hearer too, 

And Fish with glittering tails. 
56, The TTortliem Constellations are those which are 



A'nea, 


tJic Ram. 


Taums, 


the Bull 


Gem'ini, 


the Twins. 


Cancer, 


the Crab. 


Zeo, 


the Lion. 


Virgo, 


the Virgin 
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visible above the zodiacal constellations. The principal 
ones are as follows (see Celestial Chart of the Northern 
Hemisphere) : — 



Ursa Major, 


the Great Boar. 


Ursa Minor, 


the Little Bear. 


Draco, 


the Dragon. 


CepJieus, 


Cepheus, 


JSo&tes, , 


Bootes. 


Coro'na Borea'Hs, 


the Northern Crown. 


Hercules, 


Hei-cules. 


Lyra, 


the Lyre. 


Cygnus, 


the Swan. 


Cassiope'a, 


Cassiopea (the Lady's Chair). 


Perseus, 


Perseus. 


AvH'ga, 


the Wagoner. 


Ophmchus, 


the Serpent-bearer. 


Serpens, 


the Serpent. 


Sagitta, 


the Arrow. 


A'quila, 


the Eagle. 


Delphi'nus, 


the Dolphin, 


Equukus, 


the Little Horse. 


Peg'asm, 


the Winged Hoi-se. 


Androm'eda, 


Andromeda. 




the Triangle. 


Oamelopardahts, 


the Came!opar<]. 


Canes Vertat'id, 


the Hunting Dogs. 


Ooma Pereni'ces, 


Berenice's Hau-. 


Vnlpec^nla et Anser, 


the Fox and the Goose, 


Cor Caj-'oli, 


Charles's Heart. 



57, The SontherD CoiiEtellatioiis. — The principal con- 
stellations visible in the United States below the zodiacal 
ones, called Southern Constellations, are as follows (see 
Celestial Chart of the Southern Hemisphere) ; — 
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C^U8, 


the Whale. 


OH'on, 


Orion. 


Midamis, 


the River Eridanus. 


Xepus, 


the Hare. 


Cania Major, 
Canis Minor y 


the Great Dog. 
the Little Dog. 


Argo Navis, 
Hydra, 

Grater, 
Corvus, 


the Ship Argo. 
the Snake, 
the Cup. 
the Crow, 




the Centanr, 


Lupus, 

Coro'na Austra'lis, 


the Wolf. 

the Southern Crown. 


Plsoia Australis, 


the Southern Fish. 


Monoc'eros, 


the Unicorn. 




Noah's Dove. 



58. Names of the Stars. — The whole heavens being 
portioned out among these constellations, the next thing 
to he done was to invent some method of referring to 
each particular star. The method introduced by John 
Bayer, of Augsburg, in 1608, and now in use, is to arrange 
all the stars in each constellation in the order of bright- 
ness, and to attach to them in that order the letters of the 
Grc«k alphabet, using after the letters the genitive of the 
Latin name of the constellation. Thus, Alpha (a) Lyr(B 
denotes the brightest star in the Lyre ; Beta (p) Jlrsm 
JtGn(ma, the next to the brightest star in the Little Bear. 

Except, however, in the ease of the brighter stars of a 
constellation, this alphabetical arrangement has not been 
strictly adhered to, and consequently it does not always 
indicate the relative brilliancy of the less important stars. 

59. The letters of the Greek alphabet, and their names, 
are as follows : — 



I. Describe unci i< 
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Alpha 


1 Iota 


p, Rho 


Beta 


k kappa. 


a. Sign 




;t Limbda 


T, Ta,u. 


Delta 


II Mu 


V, Opai 


Epsilon 


V Ni 


(1, -Phi. 


Zeta 


J Si 


^, Chi. 



After the Greek alphabet is exhaaated, the Roman 
alphabet is ased iii the same way , and after that recourse 
is hid to numbeia 

60 Some ot the biightett stai-s are still called by the 
Aiibian or other names by Tihich they were foi-merly 
known Thus, a tarns Maj vns is known also as Sii'lue; 
a SoMia, as Arctu'rns ; j3 Orionis, as Eigel ; a Lyrm, as 
Vega ; a Tauri, as Aldeb'aran j a Ura<^ Minoris, as 
Pola'ris (the Pole-star), etc. 

61, The constellations that have been named, and 
their principal stars, can be seen on the charts at the end 
of this book, or on a Celestial Globe, Before proceeding 
fuilhor, the stndent should make hiniBelf familiar with 
them, that he may know their relative positions when he 
comes to tra«e them in the sky. 

In star-maps the stars are laid down as we actually see 
them in the heavens, looking at them from the Earth ; but 
in globes their positions are reversed, as the Earth, on 
which the spectator is placed, is supposed to occupy the 
centre of the globe, while we reaUy look at the globe from 
the outside. If, therefore, the brighter of two stars ap- 
pears on the right of the other in the heavens, it wilt be 
shown on its right in a star-map, but to the left of it on a 
globe. 

62. Staxs of the Firat Kt^tnde.— The twenty brightest ■ 
stars in the heavens, or first-magnitude stars, arc as fol- 

tho Greek alphaliet is eihansted, whataro used in naming tlie siarsf 60. What 
other namefi have eoma of the brijihtoft stors ? Give eiamples. 61. How ate 
the atare laid down in aiar-mopo? IIoiv, ou globes? Name the twenty lirlghtoft 



,v Google 



MOTIOKB OF THE STAE8. 35 

lows; they are given in the order of brightness, and 
shonld be found on the cliarts or on a globe : — 



Sirius, 


in Cants M^or. 


Aldeb'acan, 


in Taurua. 


Cano'pua, 


" Ai^Navis. 


Beta, 


" Ccntaurua. 


Alpha, 


" Centaurua. 


Alpha, 


'■ Crux. 


Aroturas, 


" Bootes. 


Anta'res, 


" Scorpio. 


Rigel, 


'■ Orion. 


Atair, 


" Aquila. 


Capella, 


" Auriga. 


Spica, 


" Virgo. 


Vega, 


'■ Lyra. 


Fomallmut, 


" Piaois Australis. 


Pro'eyon, 


" Canis Minor. 


Beta, 


" Crux. 


Betrfgeuae, 


" Orion. 


PoHus, 


" Gemini. 


Aohernar, 


" EridanuB. 


Kegulua, 


" Leo. 



Motions of the Stars. 

63, Proper Motion. — Kow, although the stars and con- 
etellations retain the same relative positions as they did 
in ancient times, all the Stars are, neverthelees, in motion ; 
and in some of those nearest to ns, this motion, called 
Proper Motion, is very apparent, and has been measured. 
Thus Aroturus is travelling at the rate of at least fifty- 
four miles a second, or three times faster than our Earth 
travels round the Sun — or six thousand times faster than 
an ordinary railway train. 

64. Nor is our Sun, which he it remembered is a star, 
an exception ; it is approaehing the constellation Hercules 
at the rate of four miles in a second, carrying its system 
of planets, including our Earth, with it. Here, then, we 
have an additional cause for a gradual change in the posi- 
tions of the stars, for a reason we shall readily understand, 
if, when we walk along a gas-lit street, we notice the dis- 
tant lights. We shall find that the lights we leave behind 
close up, and those in front of us open out as we approach 
them : so the stars which our system is approaching arc 



Btars, and state wh 


t mn 


tellation c 


Motion of the stare 
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slowly opening out, wliilo those we are qiuLting are closing 
up, jiH OTir distance from tliem inon^ises. 

6;, Apparent Motioa.— The real motions of the Btans — 
called, as wo have neon, their proper inotioiis — ^aad the 
OHO wc Imve jiist pointed out, are, liowover, to bo gatlierad 
only from the most careful observation, made with the 
most acoiirato iiisfccumentB. Tliorc are Apimient Motions, 
which may be deteotcd in half an ho«r by the most carc- 
liM(8 obaerver. Those are eatised, as wc shall fully oxplain 
ill Chap. XH., by the two real motions of ihc Kiirih, tiist 
round its own axis, and secondly round tliu Hnii. 

Dmibh and MuUipU Stars. 




66. Ah examination of the stars with a poweiful tole- 
scope, rcvciils (o lis the most startling and biKswlifid 
ii])))i>aranoeH. Stars which itjtpear 
sint^lo to the Httassistoil vy, appciir 
ilonblo, triple, and (pi;iiliuiiU>; iiisd 
hi Homo instances the numboi' of 
J stars revolving round a common 
I centro is even greater. Because 
r yun 18 an isolated star, and be- 
Fia, 18-OKBiT Of A BooBu. "aiSO fio planets are now dark 
8»*»- bodi^, instead of shining, like Iho 

Sun, by their own light, as they once must have done, it 
is difficult, at fii^t, to reidiao such phenomena, but they 
are among the most firmly-established fuels of modern 
astronomy. 

A buauttfiil star in the constellation Lyra uili ;it on<-o 
give an idea of sueh a system, and of the use of the lelo- 
scope In (liosu ininiiries. The star in question, J-Jpaiton (b) 
////m;, 1(1 llu> !t:iki'sl rye (ippears as a faint single star. A 

Mi'tiiitiit (u he rtlf llDjjultilita S % ivlist RfO tbe Appsrenl Mollona caused f 69. 

" ■■ - " P8 R powerful iL.JtBcoiio i>n)- 

Inisautll llicmcitibuniorDtl! 
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sTnall toloscopfi, of opeia-glass oven, »ufficea to show it 
double, and a powcFfu! instiunient rcveala the fact that 
each fltar composing tliig double is itself double j hence it 
is known as " the Uouble-doublp." Here, thou, we have 
tt system of foui sfaia, the etars (.omposing each pair, 
ronBidcred by tlit-mseh es, rovohiug roiiud a point be- 
tween them while the two ^ 
purs considered as two single 
st^l8, perform a much Iii _,ei 
(ourncj round i point situ if 1 
between thcni 

It imy ho stiKd iouiiiII\ I 
thit the widei pan will (mh 
plett a ic%oIution in 2 000 
ytaia, the tlo'^ci one in hilt 
that tune , and poi^Hibly both ' 
double systems may icvoho 
lound the point Ijuif? hetwctn 
thorn m something lcs% thin t 
inilhun of yeais 

67 Ot the multiple ftais 
that 1 jSuUi 13 lit leaoUed I 
by tUo tekicopo into more I 
than foui single stni% 1/ieta 
(0) Oi lORU IS one of the most || 
interesting. WImt appears 
to the ntmidcd eye as a single 
luminous point, ia shown by 
a powerful telescope to con- 
Bwt of seven stars, arranged as shown in Kg. 20. 

68. IMore than 0,000 double viatic nre now ki 
iK'urty noo of which a regular uri>iliil muliots, ar..i 
<if Uii^iii ;i very rapid molioii, hii-: ;»li'CiHiy lnoi .hi 





& ^a^eiSrA teleecopo. 



8ter» Rro BOW kntiKn t ' In I 
iclt^ ( How do Iho dHubly It 
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In somo caaea the brilliancy of the component stars 
is nearly equal; in others the light is very unequal For 
instance, a first-magnitude star may liave a companion 
of the fourteenth magnitude. Sirius has at least one such 
companion. Here is a list of some double stars, showing 
the time in which a complete revolution is efiected : — 



Zeta {^) Sereulis, , . 38 
^a (-Jj) GoroncB Borealia^ 43 
Zeta (f ) Ca^n&ri, ... 60 
Alpha {a) Centauri, . 15 
!■ (6)) Jjeonis, . . 82 



Gamma (y) Ooronm 

Jlorealis, . . . . 100 
l?eUa (d) Oygni, . . 178 
Beta (p) Cygni, . . 500 
Gamma (y) Zeonis, , 1200 

69, In the ease, then, of nearly 700 double stars, in 
which an orbital motion of the component stars round a 
common centre of gravity has been observed, there can 
be no doubt that we have connected syetiaue. Pairs thus 
connected are called Binary Stars, or Physical Couples, to 
distinguish them from unconnected double stars, or Opti- 
cal Couples, in which the component stars are really dis- 
tant from each other, their apparent nearness being due 
to theii' lying in the same straight line as seen from the 
Earth. 

70. When the distance of a binary star is known, we 
can determine the dimensions of the orbit of one star round 
the other, ae we can determine the Earth's orbit round the 
Sun. Thus, in the case of the binary star 61 Cygni, its dis- 
tance from us btang known, it is found that the orbit of the 
smaller of the two stars has a mean radius of about 43 
times the distance of the Earth from the Sun, or more 
than 4,275,000,000 miles. And yet so immense is the dis- 
tance of the two stars from us, that to the naked eye they 
seem as one. 

illffer, ae regarilB the comparalive brightnesB of the indtvWaal elara cnmpoflnK 
tliein ! Mantion some of the donbla atsra, with their petba of revoludon, and 
pi.int to them on the Celeafial Chart. EB. What are BiDaryStors, or Physical Oou- 

biuai^ Etar ia koosn, what can be ileteiEiiliied I Whut ia tliesizo of the oTblt 
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Variable Stars. 



71. Variatioiia in Brightness.— The stars are not only 
of different magnitudes (Art. 40), but tlio brilliancy of 
some particular stars changes from time to time. Stars 
whose biightnesfi varies slowly, regularly, and within cer- 
tain limits, are called Variable Stars, or briefly Variables. 
In some few cases, however, the increase and decrease 
have been sudden, and in others the limits of change are 
unknown ; hence we read of new stars, lost stars, and 
temporary stars, in addition to the more regular variables. 
There is little doubt, however, that all these phenomena 
are the same in kind, though different in degree. 

7a, Amount and Period of Variation. — The variation 
in hrightness is measured by the difference between the 
greatest and the least magnitude of the Star at different 
times. The interval between two successive times when 
the star is brightest is called the Period of Variation. 

73. Table of Variable Stars. — ^There are more than 100 
variable stars whose periods are known, besides others 
whose periods have not been determined. The following 
table contains a few of the former class : — 

Change of Magmlude, Period of 

from to Variation. 

ij Argils, ... 1 4 ... 46 years. 

R Gephei, ... 5 n ... 73 " 

R Oaasiopere,. . 6 lower than 14 . , . 435 days. 
Ceti, . . . 1 or 2 lower than H . . . 331|- " 

f Can^i, ... 8 lOJ^ . . . 10 « 

(i P(Tiei, . , . 21 4 . . . 2^ « 

74, Miro. — The fourth star in the above table, called 
also Mira, or " the marvellous," has been known as a vari- 
able for about three centuries. It preserves its greatest 

ot tho Bmaller of tlie two stars in 81 Cyinii* '!1. What \i meant bj-Varinljle 
Stars t WLentlie Increase and deeroaae have been auddan, what have Vflritthlee 
boen called f 72. Bjwbat is the Tarlation la brighliiesa meaanreat What is 
meant by the Period of Variation f 78. How many THiiabla stars are there, 
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brilliancy for about fifteen days, generally appearing at 
that time as a star of the fii^t or second magnitude, but 
occasionally not brighter than one of the fourth. For the 
next three months its light decreases till it becomes invis- 
ible, not only to the naked eye, but even in telescopes of 
small power. It so remains for five months, then reap- 
pears, and in about three months again attains its maximum 
brightness, to repeat the same phases. Irregularities have 
been discovered in its period of variation, but these irreg- 
ularities are themselves periodical. 

75. Algol — Among the variables, Beta 0) Persei, or 
Algol, is perhaps the most interesting, as its period is 
short, and it never becomes invisible to the naked eye. It 
shines as a star of the second magnitude for two days 
thirteen hours and a half, and then suddenly loses its light, 
and in three hours and a half falls to the fourth magnitude ; 
its brilliancy then increases again, and in another period 
of three hours and a half it reattains its greatest brightness 
— all the changes being accomplished in less than three 

76. Hew, or Temporary, Stars. — Among the New, or 
Temporary, Stars, those observed in 1572 and 1866 are the 
most noticeable. The first appeared suddenly in the sky 
and was visible for seventeen months. Its light at first was 
equal to that of the planets at their greatest brilliancy ; so 
bright was it, indeed, that it was clearly visible at noon- 
day. 'Sow, it is not a little curious that in the yeai-s 945 
and 1264 something similar was observed in the same re- 
^on of the sky (in Cassiopea) in which this star appeared. 
If^ then, we assume that we have here a variable star of 
long period, whicit is very bright at its maximam and 
fades out of view at its minimum, we may expect a reap- 
pearance of the star about the year 1885. 

and period of Taiiatlou, 1i. Olve an accoont of Sllra. T5, De^crilic Ibe changes 
nf Algol. Piiint to Mira and Algol on tlie CeleBtlal ChartB. 71!. WMch are tlie 
moBt nolloeahla of ttie New, or Temporary. Stats t QWe an ncwmnl nt tlie one 
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We now come to the new star which hrote upon our 
sight in 1866, in the constellation Corona Borealis, and 
which was observed with powerful methods of research 
i before. Thk star was recorded some years 
e of the ninth magnitude. In May, however, it 
suddenly flashed up, and on the 12th of that month shone 
as a star of the second magnitude. On the 14th it de- 
scended to the third magnitude ; the decrease of bright- 
ness was for some time at the rate of about half a magni- 
tude a day, but toward the end of May it was less rapiil. 
There is good reason to believe that this increased bril- 
liancy was due to the sudden ignition of hydrogen gas in 
the star's atmosphere. Here we have a fact of the high- 
est importance, though as yet we can hardly do more than 
speculate upon it, 

77. Caase ofVariation. — ^The cause of this i-hange of 
brightness in variable stars is one of the most puzzling 
questions in the whole domain of Astronomy. Thiee the- 
ories have been advanced ; — 

1. That the variable revolves on its axis; that its sur- 
face is not equally luminous in all parts ; and hence that 
it appears more or less bright, according to the part that 
is presented toward us. 

2. That the variable is accompanied by non-luminous 
planets, which in the course of theii' revolution get be- 
tween us and the variable, and thus eclipse the latter 
either in whole or in part. 

3. The most recent theory is that of Balfour Stewart, 
deduced from his researches on the Sun, which is doubt- 
less a variable star. He has found that the approach of a 
planet to our Sun increases its brightness, especially in 
that part which is nearest to the p!anet. Hence he sup- 
poses that the variable has a large planet revolving round 

that appeared in 1B73. Deflcdbo tUe new star that iippearsa !n 1666. To «liflt 
tP the increasca hrilllancy ofthls star attrihnlea! T7. What Ih.^eo theories hiivo 
beep adTBPced, to account lot Oio change of hrlghtneaa in variable Btars f 73. 
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it at a small distance; that part of the star which is 
nearest the planet will then be more luminous than that 
which is more remote, and, as the planet revolves, an 
appearance of variation, with a period equal to that of the 
planet's revolution, will be presented to the observer. 

If we suppose the planet to have a very elliptical orbit, 
then ibr a long time it will he at a great distance from its 
priniLtry, while for a comparativelj short time it will be 
very near. We should, therefore, expect a long period of 
darkness, and a comparatively shoil one of intense light — 
precisely what we have in temporary stars. 

Colored Stars. 
y8. The light of most of the stars is white ; but there 
are a number of Colored Stars, which shine with red, 
orange, purple, blue, or green light, — some but faintly 
tinged, and others having a very deep and decided hue. 
Of large stars of different colors we may give the follow- 
ing table : — 

Red . . Aldeb'aran, Anta'res, Betelgeuse. 

Blue . . Capella, Bigd, Bdla'trix, Pro'cyon, Spioa, 

Geeen . Sirius, Vega, Atair, Deneb, 

Tbllow . Arcti^rus, 

WeiTi!: . Jte^uluBj Dmebola, Jihmalhaut, PolaHs. 
79. Colored Doable Stars. — ^It is in the double and 
multiple stars that the richest colore are presented; and 
in these we also frequently find striking contrasts. Thus, 
in the double star Iota (t) Cancri, the larger of the two is 
orange, the smaller blue. The triple star Gamma (y) 
Andromedce is formed of an orange-red sun, accompanied 
by two others of an emerald green. In Ma {jj) Cassiopem 
we have a large white star, with a companion of a rich 
ruddy purple. 

What color is the liEht of miiPl stars ? What is the color of some? Mentlou 
some of the laisa colored Blurs. 19. In what smrs are Uie licLtBt colors iirs- 
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What wondrous coloring must be met with in the 
planets lit up hy these glorious suns, one sun setting, say 
in clearest green, another rising in purple, or yellow, 
or crimson; at times two eune at once mingling their 
vai-iously-colored beams t A remarkable group in the 
Southern Cross produced on Sir John Hersohel " the effect 
of a superb piece of fancy jewelry," It is composed of 
over 100 stars, only seven of which exceed the tenth 
magnitude ; two of this group are red, two green, three 
pale green, and one greenish blue. 

80. Changes of Color, — In many cases, the colors of the 
stars have changed. If we go back to ancient times, we 
read that Sirius was fiery-red; it gradually faded to a 
pure white, and is now a decided green. Capella was 
also described as red; it afterward became yellow, and is 
now a pale blue. 

In some variable stars the changes of color are very 
striking. In the new star of 1572, Tycho Brahe observed 
changes from white to yellow, and then to red ; and we 
may a^dd that generally, when the brightness decreaseB, 
the star becomes redder, 

81. The variations which the stars undergo in bright^ 
nesa and color, while we can not yet apeak with certainty 
as to their causes, indicate that incessant movement and 
change are going on in the distant regions of space. 

Structure of the Stars. 

82. Tlie Fliotospbere. — Ws will now pass on to what 
is known of the physical constitution of the stars. In the 
first place, the stars, of whatever their interiors may be 
composed, present to us on their exteriors a bright sur- 
face, which is called the Photosphere ; outside of this 

Sfinlcflf Give esamplcB. What remHrkablo granp in the Sonthern Craaa is 

changeB of color very atrlWng 
odor ot the stars iodicatet 1 
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photosphere, as ontside the sarface of our Earth, is an 
atmoiphere composed of vapors The materials of the 
jihotospheres aie intensely hot, eo hot, thit the metals 
and other substances of which they coiiiist are in a liquid 
01 vaporous state 

We can rendei this intelhgible by taking water and 
iron as eiiinples When both ire m a solid state, we 
liive ice and hjrd iron If we apply heat, we melt both 
ite and iron , but we hnd that it requires much more heat 
to convert the latter into a hquid state than it does the 
former — the melting-point of ice being 32 ° of Fahrenheit's 
thennometer, while that of iron is about 2,000°. Having 
reduced both to liquids, we m.ay by additional heat turn 
the water into steam, and the molten iron into iron-vapor; 
but again the heat needed to vaporize the iron is vastly 
greater than that required to vaporize the water — how 
much greater is not known, as the heat necessary to pro- 
duce iron-vapor exceeds our powers of measurement. So, 
also, does the heat present in the photospheres of the 
stars. 

83. Slaterials of the Photospheres. — Do we know any 
thing of the substances which throw out this heat and 
light ? Yes, a little. For instance : — 



Siritis contains sodi 



PoU'itx 
Seta Pegaai 



Lum, iron, and hydrogen 
td iron, 
id iron. 



m, magnesm 

m, magnesiu 

dium, magnesiu 

3ium, magnesium, and perhaps barium. 

It is remarkable that the elements most widely diffused 

among the stars, including hydrogen, sodium, magnesium, 

and iron, are among those most closely connected with the 

living organisms of our globe. 

We shall be able, when we come to examine the 

nntslde of this pholoBphere ? WTiat Is the temperatHre of the mHteriiil* iif Uie 
pliotfiKpheref Show the efiiot of heat, hj taking water and Iron as eiamplea. 
83. Stats (he mateilala which the photospheres of eevoral of the hii^hlest etai's 
are fbuiid 10 coatsln. What U remarkable with respect to these elentratij r B4. 
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structure of the nearest star— the Sun — to obtain a more 
detailed itnowledge of the structure of the stars generally. 

84, Causes of Color in the Stars. — The vapors produced 
in the photospheres of the stars ascend to form atmos- 
pheres, and these atmospheres absorb, in part, the light 
given out by the photospheres. A piece of colored glass 
will teach us what is meant by the absorption of light, and 
how it produces color. Thus, green glass is green because 
it absorbs ail other light but the green; it is a sort of 
aieve, which atop8 every ray of light except the green 
ones. 80 with glasses, solids, vapors, or liquids, of other 
colors. 

Now, the colors of the stars may be influenced, not only 
by the degree of heat in their photospheres, but by the 
amount of absorption in their atmospheres. Our Sua at 
setting, for instance, sometimes seems blood-red, in con- 
sequence of the absorption of our atmosphere ; if the 
absorption were in his own atmosphere, he would be 
blood-red at noonday. 

Concerning the causes which produce the changes m 
color and brightness, we must confess that, after all, we 
are yet ignorant. 

Star Groves and Clusters. 

85, Having now dealt with the peculiarities of indi- 
vidual stars, — their distance, arrangement, color, varia- 
bility, and structure, — we next come to the various assem- 
blages of stars observed in various parts of the heavens. 

86, Remarkable Star-^^ups, — In the double and 
multiple systems (Art. 66) we saw the first beginnings 
of the tendency of the stars to group themselves together. 
In some parts of our system this tendency is exhibited in 
a very remarkable manner, the beautiful group of the 
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Pleiades (which may be found on the Celestial Chart, in 
the constellation Taurus) affording a famihar instance. 
The six or seven stars visible to the naked eye become 
60 or 70 when viewed- in the telescopa The Hyades 
(near the Pleiads, in Taurus), and Prsesepe, or " the Bee- 
hive," in Cancer, may also be mentioned. 

In other cases, the groups consist of an innumerable 
number of suns apparently closely packed together. That 
in the constellation Peraens appears like a nebula to the 
naked eye, but viewed through a telescope It is separated 
into stars, and fornts one of the most beauti&l objects 
in the heavens. Many others, scarcely less stupendous, 
though much fainter by reason of their greater distance, 
ai-e revealed by the telescope. 

87. Assemblages of stars are divided into, 

1. Irr^nilar Giou^ generally more or less visible 

to the naked eye. 

2. Star-clusters, invisible to the naked eye, but 

which, in the most powerful telescopes, are 

seen to consist of separate stars. Th^e are 

subdivided into Ordinary Clusters and 

Globular Clusters. 

Clasterg and neboto nee desigDated by their number in the catalogues 

which have been made of them by different aBtroDOmers. The mojt 

important of these catalogues are those of Messier, Sir William Hersch?!, 

and Sir John HcrsehoL About 5,400 nebula have been observed. 

88. Of the Ordinary Star-clusters, the magnificent ones 
in the constellations Libra and Hercules (represented in 
Figs. 1 and 2, on page il) may be mentioned as among 
those which are best seen in telescopes of moderate power. 
The Globular CIusteiB are well represented by those in 
Serpens and Aquarius (see Pigs. 4 and 5, p. 47). 

89. Other XTniveraes,— Some of the clusters which lie 
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STAR-CLUSTEKS. 
L. Ill Librii. S. In Hercules. 3. In Caiiriconius. 4, In ( 
S. In Aquarins. (i. In Gemini. 
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out of our universe, anil which wo must regard as other 
universes!, :ire at such iinmeasuralile ilistauces, ami are 
therefore so faint, tliat even the most powci-ful telescoi>es 
fail to reveal their real shape and boundaries. There is a 
gradual fading away at the edge, the last traces of which 
appear either as ;i luminous mist or cloud-like filament, 
which becomes finer till it ceases altoj;!;etlier to be si'cti. 
The Dumb-Bcll Cluster, in Vulpeeuk, and the Crab Clus- 
ter, in Taurus, both of which have been resolved into stars, 
are instances of this. 

Il is proper to say, honcver, that some astronoraern believe all the 
visible star-eluaters and nebulae to belong to our Etar-systcm or iiiiiverse, 
wliioli, if this be bo, must iiieluile within itself liiiniatiini ol' itscll' on ii 
greatly reduced scale. 

90. In some of these star-clusters, the increase of brisiht- 
ness from the edge to the centre is so rapid as to make it 
appear that the stars are actually nearer together at the 
centre than they are at the edge ; in fact, that there is a 
real coiidetisatioii toward the centre. 



CHAPTER II. 

NEBULffT. 

91. Nebuls nnder the Telescope. — The term nebula 
was formerly applied to every thing in the sky which ap- 
peared cloud-like to the naked eye or in a telescope. Every 
time, however, a new telescope more powerful than any 
before used was brought to bear on them, nnmbers of 
what were till then called nebnlse, and about which ai* 

CInscere. 89. Deiwrlbe >ome of Ihe veirdtsfciDtclnfUors, Meulion two of lh.-i>. 
90. WhntwoaliJw.'pm to follow from the Increase ofbrtj-hineaBluward theceiiti'c 

91. To what wad the li'rm nebula rormerl; spplied ! What rfvelationa were 
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iiebulis nothiug was known, wei's found to be star-cliis- 
ters, some of them of very remarkable fomas, 90 distant 
that the smaller telescopes^ powerful thoagh they wercj 
had failed to resolve them into distinct stai's. Now, this ia 
what has happened ever since the discovery of telescopes. 
Hence it was thought by some that all the so-called neb- 
uife were, in reality, nothing but distant star-cluBtcrs. 

92. One of the moat im.portant discoveries of modern 
times, however, haa furnished evidence of a fact long ago 
conjectured by home aatronomei's — namely, that some of 
the nebnla) are something different from masses of stars, 
and that their c!ond-likc appeai'ance is due to something 
cIkc besides their dibtance and the insufficient power of 
our telescopes. This discovery is so recent that there has 
not yet been time to sort out the real from the apparent 
nebulas. We are obliged, therefore, still to accept as neb- 
ula; all foi-merly clasied as such which up to this time 
have not been resolved into etara. 

9^. OlaiHiifi" 
I cation. — Nebu- 




Fio. 21.— flKEil? Nebola 



' What inforenca wns dnHvn 
I ! Name Ehem. 34. To which 
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94. Inegnlar Nebulse. — Some of the irrogniar ncbnlre 
arc vifihle to tlie naked eye on a ilurk iiiglit. Amonjj 
tlit'se is the great nebula of Orion (Fig. 21), in the part of 
the constellation oecupied by the swoRl-haiidle and sur- 
rounding the multiple Btar Tlieta (0). The nebulosity 
near the stara has the appearance of separate flakes, anil 
is of a greenish-white tinge. There seems no douht 
that the shapo of this nebula and the position of its bright- 
est portions are changing. One part of it appear.^, in a 
powerful telescope, etartlingly hke the head of a fish. On 
this aceount it has been termed the Fish-mouth Nebula. 

Two fine irregular nebula are visible in the southern 
hemisphere : one is in the constellation Dorado, the other 
surrounds Eta (rj) Arg4s. The latter occupies a space 
equal to about five times the apparent area of the Moon. 

95. Ring and Elliptical Nebuke. — We have classed the 
ring and elliptical nebulK together, because probably the 
latter are ring-nebulte looked at sideways. The finest 

I ring-nebula is 




Fio. 92.— Eino-Nkbcu 

poarance of an oval ring surrounding a darker space { 
l''ig, 22, No. 1), the uniform pale glimmer of which resem- 
bled a light gauze stretched across the ring. Lord Rosse's 
more powerful telescope has since partially resolved the 

of thcBo clnagcH does the gjeat, nclmla oT Orion bclnn;-^ Describe tble nobnla. 
What name has beoo ^iiea lo it, and wh;? What irregular nebalteare visible 
In th? pniithgm hemiBphcro! 96. IVhy sro Iho Ring an<l Elliptical Nebnlm 
clnceo'l to:.'r.'lher? Whtcb in the tlnrst rlni^-nebalar DeacriN' It. a« Fccn b/ Sir 
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SPIEAL NEIiUL.E, 

ring into luminous points (see Fig. 

22, No. 2), and tias shown parallel 

lines in the opening and a frmge 

of light alioat the outside border. 
Near the beautiful triple star 

Gamma (y) Atidromedai is a fine 

specimen of au elliptioal nebuhi, 

having two stars near the extremi- 
ties of the major axis of tlie el- 

lipse. 

Spiral Seb 
ulse — riicbpnaloi 
w hirlpoo! nebula, 
ue lepiesented by 
I hit m thowjnsti.1 
1 ition Canes Vena 
tici In ■m wrdi 
n iry tekscope it 
pieseuts the ap- 
peiiance of two 
^lobulir tlusters, 
one ot them sui 
rounded hy a rmg 
at i (onsidLrible 
distance, the ring 
varying in bright- 
ness, and being 

in a part of its length. But in a larger instrument the 
appearance is entirely changed. The ring turns into a 
spiral coil of nebulous matter, and the outlying mass is 
seen connected with the main mass by a curved band. 

In the constellations Pisces and Virgo we have other 
examples of this strange phenomenon (the 33d and 99th 



In gplmt other 



tconstallntloiilstlioiG 
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in Messier's catalogue), which indicate the action of stu- 
] , !.:iii(l unknown in our own universe. 

□ 97. Planetary HebultB. — These 
were so called by Sir John Herschel, 
They are circular or slightly elliptical 
in form, and shine with a planetary 
and often bluish light. One in Ursa 
Major will [>er\ e as j R|io<.-imen. 
98. Sebulse surrounding Stars. — 
AYe come lastly to the nobulie aur- 
Fia. as— PuMETAKv Seb- rounding stars, or uehuluus stars. 
vi,K i-T nn-A MAJOB ijjjg gt^j.g t[j„g surrounded ai-c aj^ 
parently like all other stars, save in thi? 
fact of the presence of the appendage ; noi 
does the nebala give any signs of betu^ 
resolvable with our present telescopes. 
Iota ([) Ononis, .S^ilon (f) Orionis, a 
Canum Vetiaticorum, and 79 JTrsce Ma- 
joris, belong to this ciass. 

99. Brightness of the Nebulse.— Like ^'"■^'onomi 
the stare, the nebulse difFer in brightness, but as yet they 
have not been divided into magnitudes. This, however, 
has been done in a manner by detennining the S])ace- 
penotrating or light-grasping power of the telescopes 
powerful enough to render them visible. 

Thus, it has been estimated that Lord Rosse's great 
Reflector, the most powerful instrument as yet used in 
such inquiries, penetrates 500 times farther into space 
than the naked eye can; hence a nebula which this tele- 
scope just renders visible must be 600 times farther oflT 
than a star of the sixth magnitude. Now, as light re- 
quires 120 yeai-8 to reach us from such a star, the tele- 

Dceurf Si. From wbom did the plonetiirj nehulie receive tbelr name, and wliy ! 
Wliat la their form! Where does ana occur? 98. What U (he last <'la^» aS 
nebuter Deaertbe the nebulous etara. lUentlon four or tbla claes. 90. llnw 
dothi^nehulffi eompnrowith each other In brlehtneaaf How has their nmsmiiudn 
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scope referred to penetrates so profonndly into space that 
no star can escape its scrutiny, unle'is at a distance that it 
would take light sixty thousand yeai-s to traverse. 

An idea of the extreme faintness of tlie more distant 
nebulse may be gathered from the fact, that the light of 
some of those visible in an instrument of moderate size 
has been estimated to range from y^jt *o -sirJoTj "f ^he 
light of a sperm-candle consuming 158 grains of material 
per hour, viewed at the distance of a quarter of a mile ; 
that is, snc/i « candie a quarter of a mile off w from 
1,500 to 20,000 times more brilliant tJmn these nebube, 

100. Variable Nebulse. — ^The phenomena of variable, 
lost, new, and temporary stars, have their equivalents in 
the case of the nebulie, the light of which, it has been 
lately discovered, is in some cases subject to great variar 

In 1861 it was fonnd that a small nebula, discovered 
in 1856 in Taurus, near a star of the tenth magnitude, had 
disappeared, the star also becoming dimmer. In the next 
year the nebula regained its brightness. Another nebula, 
which in May, 1860, appeared as a star of the seventh 
magnitude, during the next month recovered its nebulous 
appearance, 

101. Distribution of the Nebulffi.~In Art. 48 the 
marted character of the distribution of the stars of our 
universe, giving rise to the appearance of the Milky Way, 
was pointed out. The distribution of the nebulse, how- 
ever, ia very different; in general, they lie out of the 
Milky Way, so that they are either less condensed thei-e, 
or the visible universe (as distinguished from our own 
stellar universe) is less extended in that direction. Thoy 
are most numerous in a zone which crosses the Milky Way 
at right angles, the constellation Yirgo being so rich in 
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kliem that a portion of it is termed the nebulous region of 
Vii^o. In fact, not only is the Milky Way the poorest in 
nehulse, but the parts of the heavens farthest from it are 
the richest. 

102. Physical Constitutioii of the Nebulae. — We now 
.come to the question. What is a nebula ? The answer is— 
A true nebula is a mass of incandescent or glowing gas, 
and there are iodioations that the gases in question are 
nitrogen and hydrogen. This fact, the fruit of the brilliant 
discovery before alluded to (Art. 92), forever sets at rest 
the question so long debated, aa to the existence of a 
Nebulous Fluid in space. 

When, therefore, wo see closely-associated points of 
light in a nebula, we must not suppose that the latter is 
necessarily resolvable into stars. These luminous points, 
in some nebnlse at least, must be looked upon as them- 
selves gaseous bodies, denser portions probably of the 
great nebulous mass. It has been suggested that the 
apparent permanence of general form in a nebula is kept 
up by the continual motions of these denser portions. 

103. The Nebular Hypothesis, given to the world before 
the existence of a nebulous fluid was proved, supposes that 
there once existed in space a great, chaotic, nebulous 
mass, endowed with a kind of whirlpool motion, which, 
gradually condensing through the mutual attraction of its 
particles, formed the countless suns distributed through 
space ; that the planets were formed by the condensation 
of rings of matter succesaively thrown off by the central 
mass, aTid the satellites by the condensation of matter 
thrown off in like manner by their primaries. It may 
take years to prove, or disprove, this hypothesis ; but the 
tendency of recent observations is to show its correctness. 

toa. or wbat Ib a nebula compoaedf WheD we xce cloBely-asBociatcd points of 
lU-ht in n nebnia, wliat mast we not Biippose! What may theae lurainons points 
he? 103. WhatiBtbe mbBtaace of tbe Neliubr HypoUiesIa * Wbatis tbe bear- 
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THE SUN— THE NEAKEST STAE, 



CHAPTER IIL 



104. The Snn. — We shiiil now consider the star nearest 
tfl us, which dazzles the whole famUy of planets by its 
brightness, supports their inhabitants by its heat, and 
keeps them in bounds by its weight. In almanacs and 
astronomical treatises, the Sun is denoted by either of the 
following signs : © or 0, 

105. The Sun's Disk. — The Disk of a heavenly body is 
ite face, as it appears projected on the sky. The Sun's 
disk is a perfect luminous circle. Hence, as we know 
that the Sun revolves on its axis (Art. 110), we couclude 
that its form is that of a perfect sphere. 

The Sun's disk varies slightiy in size, according to the 
Earth's distance from the Sun, being largest about January 
Ist, when we are nearest to it, and smallest about July 1st, 
when we are fai-thest offi If the mean size of the disk 
(presented to us about the 1st of April and October) be 
represented by 100, its gi-eatest rfze will be 107, and its 
least 94. 

106. Eelative Brilliancy and Size,— The brilliancy of 
the Sun, compared \vith that of the other stars, is so great 
that it is difficult at first to look upon it as io any way 
related to those feeble twintlers. This difficulty, however, 
is soon dispelled when we consider that its distance from 
us k less than ss^aws **^ *''*'' **^ "^^ nearest star, Alpha 
(a) Genlattri, Removed as far as the latter ia from us, 
our Sun would be a star of the second magnitude ; and, 
removed to the mean distance of the first-magnitude stars. 
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it would be just visible to the unaidecl sight as a star of the 
eixtli magnitude. 

Our Sun is, therefore, by no means one of the largest 
stars. If we assume that the light given out by Sinus, for 
instance, is no more brilliant than our sunshine, that star 
would be equal in bulk to more than 3,000 Suns. 

107 Distance and Diameter. — The mean distance of the 
S from tl e Earth is now t vn to 1 e about 91,000,000 

es These fa" wes as n tho ease of the distances of 
tl stars fa 1 to convey t y lefi te idea to the mind. 
"W rt there 11 ilr d 1 f om the Earth to the Sun, a train 
go ng n ght an 1 1 j it the rate ot 80 miles an hour, and 
Btaitmg on tho Ibt of January, 18?0, tvould not reach the 
Sun till about the middle of the year 2208. 

108, The Sun's distance being known, it is easy to 
deteimine its size. The distance from one side of the Sun 
to the other, through its centre— or, in other words, the 
(diameter of the Sun, — is 852,584 miles. If the Sun were 
so placed that its centre coincided ivith that of the Eai-th, 
this immense luminary would not only fill the whole orbit 
of the Moon, but extend beyond it three-four tjhs of tho 
Moon's distance fi-om the Earth. A train goiflg at the 
speed named above would accomplish the jou^jhey round 
our Earth in a little over a month ; a railway journey 
round the Sun, the same speed being maintained, would 
require more than ten years. 

If we represent tlie Snn by a globe about two feet in 
diameter, a pea at the distance of 430 feet will represent 
the Earth ; and the nearest fixed star would be represented 
by a similar globe placed at the distance of 9,000 miles. 

log. Volume and Mass.— More than 1,200,000 Earths 
would be required to mate one Sun. Astronomers ex- 

(ance of the Istniasnituila sinref How cioeH (he Sim cnmparo in Btie with 
Slrlnet lOT. How fer is the Sun from the Sartlif Give some iiiaa ot tliiBfils- 
taace. 1ij telltns how long it woiild Uilie to travei it liy rail. 108. What Is llie 
lanjth of ths Sun'B dinmeterJ Give nn Idea of tills dletanee. How mnj b'c 
represest tlis Snn, tbe EarCb. end tJie iiearest fixed BtsrT 109. WImt is the eU 
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press this by saying that the volume of the Sun is over 
1,200,000 times greater than that of the Earth. But as 
the matter of which the Sun is composed weighs only one- 
quarter as much, hulk for bulk, as that of tlie Earth, 
300,000 Earths only would be recjuii'ed in one scale of 
a balance to weigh down the Sun in the other. That is, 
the mass, or weight of the Sun, is 300,000 times greater 
than that of our Earth. 

1 1 o. Rotation. — The Sun, like the Earth or a top when 
spinning, turns round on an axis ; this rotation was dwi- 
coTered by observing the spots on its surface, about whieh 
we shall presently have much to say. It is found that the 
spots always make their first appearance on the same sldo 
of the Sun ; that they travel across it in from twelve and 
a half to fourteen days, and then disappear on the other 
side. This is not all: if they be obsei-ved in June, they 
go straight across the sun's disk with a dip downward; if 
in September, they cross in a curve ; while in December 
they go straight across again, with a dip upward, and in 
March their paths are again curved, but this time in the 
opposite direction. 

September. Becember. 




FiQ. 21. — Apfjbest Paths of the Spots Agiioas the Si"n's Disk, as seen 
from the Earth at different times of the jear. Tlis arrows show thu 
direction in whieb the Sun rotates. 

1 1 1. The Plajie of the Ecliptic. — ^It is important that 

ferenee between bo^h™ and mass? How floea the Sun eompttre wltli llie Earth 
ouUieSun? What appearonBoado tljese epolB prceent! 111. What ia meant by 
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we make tbis perfectly clear. We know that the Earth 
goee round the Sun once a year. It haa heen found, also, 
that its path is level — ^that is to say, the Earth in its 
journey does not go up or down, but always straight on ; 
we may imagine it as floating round the Sun on a bound- 
less ocean, in which both Sun and Earth are half immersed. 
We shall see further on that this level — called the Plane 
of the Ecliptic — is used by astronomers in precisely the 
same way as we commonly use the sea-leveL We say, for 
instance, that such a mountain is so high above the level 
of the sea. Astronomers say that such a star is bo high 
above the plane of the ecliptic. 

H2, Inclination of the Sun's Axis. — ^We have imagined 
the Earth and Sun to be floating in an ocean up to the 
middle. Now, if the Sun wei-e quite upright, the spots 
would always seem at tlie same distance above the level 
of our ocean. But this, we have found, is not the case. 
From the two opposite points of the Earth's path which 
it occupies in June and December, the spots are seen to 
describe straight lines across the disk, while midway be- 
tween these points {in September and March) their paths 
are observed to be decided curves, rounding downward iu 
the one case and upward in the other (see Fig. 27). A mo- 
ment's thought will show that these appearances can arise 
only from an inclination in the Sun's axis. The Earth in 
its annual revolution attains in September, a point at which 
the Sun's axis is inclined toward it ; and in March i-eaches 
the opposite point of its orbit, at which the Sun's axis ia 
inclined away from. it. 

113. Time of notation. — It has been found that the 
spots, besides having an apparent motion, caused by their 
being carried round by the Sun in its rotation, have a mo- 

Ihe Plane ot the Ecliptic? What uao 1p madn of it bj EBtronometa ! ua. What 
is fhund jotie thecasG, with re^cd to the Son's axis? HuwIb this Inctlnatloii 
proved f Wliy do the paths of the »poU eur™ in different directions in September 
and Mitrcht 113. What motion have the spots hesiaca Uielt appai'snl motion? 
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tioa of their own. This proper motion, as distingnished 
from their appa/rent motion, has recently been thoroughly 
investigated, and accounts for the great difference in the 
periods which different observers have assigned to the 
Sun's rotation. As already stated, this rotation has been 
dednced from the time taken by the spots to cross the 
disk; but it now seems that all sun-spots have a motion 
of their own, the rapidity of which vai-ies regulaiiy with 
their distance from the solar equator — that is, the lino 
half-way between the two poles of rotation. The spots 
near the equator travel faster than those away fram it : so 
that^ if we take an equatorial spot, we shall say that the 
Sun rotates in about twenty-five days ; whereas, if we take 
one half-way between the equator and the poles, in either 
hemisphere, we shall say that it rotates in about twenty- 
eight days. 

We are still, therefore, ignorant of the exact time of 
the Sun's rotation ; for, if it is a solid mass, it can of course 
have but one period — and which of the two named above 
it may be, if either of them, we have no means of telhng, 

114. Telescopic Appearance. — We have now considered 
the distance and size of the Sun ; we Lave found that, hke 
our Eai-th, it rotates on its axis, and we have determined 
the direction in which the axis points. We must next try 
to learn something of the appearance it presents when 
viewed through a telescope, and of its nature or physical 
constitution. On this latter point our knowledge is not 
yet complete. This, however, is little to be wondered at. 
We have gleaned so many facts, at stupendous distances 
the very statement of which is almost meaningless to us, 
that we forget that our mighty Sun, in spite of its brilliant 
light and fostering heat, is still some 91,000,000 miles 

For wMt does thia proper motion aeoonotl How do the fnn-apotB differ, as 
re^arde tlioir proper motion f Wliat is tlie esact time of Iho Sun's rotation? 
114. Wliat keeps u9 from taiowlng more about the physical eorBlitntion of the 
Snnf What caatioD is given, with respect to looWnff at theSimV IIB. What 
\K th« Irst tlilnKS lliat strika ns, on looluiig nt lie Sun through a powerflil 
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away ; and that, even though we employ tho finest tele- 
scope, we can only observe the various phenomena as we 
should do with the naked eye at a distance of 180,000 

To I00I1 at the Sun through a telescope, without proper appliance, is 
a Tfiry dai^eroua affair. Seteral Rstronomera bave lost their eyesight by 
so doing, and the student should not use even the smallest telescope with- 
out proper guidance. 

115. Sun-spots. — The first things which strike us on 
the Sun's surface, when we look at it with a powerful tele- 
scope, are dark spots. On the opposite page we give 
di-awings of a very fine one, visible on the Sun in 1865. 
The spots are not scattered all over the Sun's disk, but 
ai-e generally limited to those parts of it a little above and 
below the Sun's equator, which is represented by the mid- 
dle lines in Fig. 27. 

116. The spots float, as it were, in what, as we have 
already seen in the case of the stars, is called tho plioto- 
sphcro; the half-shade shown in the spot is called the 
pesmmhra; inside the penumbra is a still darker shade, 
called the umbra., and inside this again is the nucleus. 
Figs. 3 and 4 on the opposite page will render this per- 
fectly clear. The white surface is the photosphere; the 
half-tones i-epi-esent the penumbra; the dark, irregular 
central portions, the umbra ; and the blackest pafts in the 
centre of these dark portions, the nucleus. 

117. Sun-spots are cavities, or hollows, in the photo- 
sphere, and these difierent shades represent different 
depths. 

iiS, Diligent observation of the umbra and penumbra, 
■with powerful instruments, reveals to na the fact that 
change is incessantly going on in the region of the spots. 
Sometimes changes are noticed even within an hour : here 

teleaonpap How are tliaso spots eitnatcd! 116, Wbat is tho Phofosphe™ t 
The PennmbrA? The Umbra! ThoNncleua? lit. What nre Sun-spotat 113. 
What is consiantly going dd in tbc region of the epote ! Describe Bomo of Uieaa 
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The Greai Sun-spot of 1865. 
I, The spot entering the Sun's disk, Oct. 1th (foreahorlened riew). 2. 
Its appearance, Oct. 10th. 3. Central view, Oct. Hth, showing the for- 
mation of a bridge, and the nuclens. i. Its appearance, Oct. leth. 
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part of the penumbra is seen sailLtig acK«a the nmhra; 
here a portion of the umbra is melting from sight ; here, 
again, ia an evident change of position and direction in 
masses which retain their form. The enormous changes, 
extending over tens of thoasands of square miles of the 
Sun's surfece, which took place in the great sun-spot of 
1865, are represented in the diagrams on page 61, 

1 19. Facuhe. — Neai- the edge of the solar disk, and es- 
pecially about spots approaching the edge, it is quite easy, 
even with a small telescope, to discern certain very bright 
streaks of diversified form, quite distinct in outline, and 
either entirely separate or uniting in various ways into 
ridges and net-work. These appearances, which have been 




Fm. 28.— SoH-aPDTS iND Faodi^, Fromn ninWgroph. 

termed Mutvliv, are the most brilliant parts of the Sun. 
AVhere, near the edge, the spots become invisible, andu- 
lated shining ridges still indicate their place — being more 
remarkable there than elsewhere, though everywhere 
traceable in good observing weather. Faeulaa may be 

tbansrea. 119. What are Faculief What is said of their nize? How do thoy 
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of all magnitudes, from hardly-visible, softly-gleaming, 
narrow tracts 1,000 miles long, to continuous complicated 
ridges 40,000 miles and more in length, and from 1,000 to 
4,000 miles broad. Ridges of this tind often surround a 
spot, and hence appear the more conspicuous; such a 
ridge is shown in Fig. 1, page 61. Sometimes there ap- 
peai^s a very broad white platform round the spot, and 
from this white crumpled lidgcs pass in vii iou'< directions 
1 zo. Other Appearances on the Sun s Disk. — ^The whole 
surface of the feun, e 
spots, is coariely 
mottled ; and, m 
deed, the mottled 
appearance requires 
no very great opti 
cal power to render 
it visible. Viewt 1 
through a large tel 
cecope, the surface 
seems to be made 
up pi-incipally of In 
miaous masses, 
called by Sir Wil 
liam Hersohel cor 
rugatiotts, and de 
eciibed by other oh 
servers as reicm 
bllng " rice-grams," 




121. The term 

willow'leaves has been ippiopi lately applied to appeir 
ances sometimes ob^ened in the pennmbi e of spots 
They consist of elong'ited miBse'f of unequil biightnes^i. 



ly icdlaw-leat hi VH Wbat 1b 
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80 arranged that for the most part they point like so many 
arrows to the centre of the nucleus, giving to the penum- 
bra a radiated appearance. At other times, and occasion- 
ally in the same spot, the jagged edge of the penumbra 
projecting over the nucleus has caused the interior edge 
of the penumhra to he likened to coarse thatching with 
straw. 

122. There are darker or shaded portions between the 
grannies, often pretty thickly covered with dark dots, like 
stippling with a soft lead-pencil; these are what have 
been called ^wes by Sir John Hcrschel, MiA pwnetuiations 
by his father. Some of these are almost black, and are 
Uke excessively small eruptive spots. 

izj. When the Snn is totally eclipsed, — that is, as will 
be explained by-and-by, when the Moon comes exactly 
between the Earth and the Sun, — other appearances are 
unfolded to us, which the extreme brightness of the Snn 
prevents our observing under ordinary circnmstaDces. 
The Sun's atmosphere is then seen to contain red masses 
of fantastic shapes, some of them quite disconnected from 
the Smi ; to these the names of red-flamea and prominences 
have been given. Now, as these bodies appear much 
brighter than the surrounding atmosphere, we conclude 
that they arc hotter than the latter, as a bright fire is 
hotter than a dim one. 

124. Explanation of the Appearances on the Sun's 
Bisk. — Let us sec if we can account for the appearances 
which the Sun's disk presents, when viewed through a 
powerful telescope. As the spots break out and close up 
with great rapidity, as changes both on a large and a 
small scale are constantly taking place on the surface, we 
can only infer that the phottsphere of the Sun, and there- 
meant hytHfres or pun<:tulatiom! 133. Whal appearnncBa are presented when 

ancea? IM. To oiploin the appearances un 
rstpectlog tbe photosphere? Wliatforthcr 
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SUN-SPOTS, FACULiE, ETC., EXPLAINED. 65 

fore of the stars, is of a cloudy nature. But wMle our 
clouds are made up of particles of water, tbe clouds on the 
iSmm must be composed of particles of various metals and 
other substances in a state of intense heat. The photo- 
sphere is surrounded by an atmosphere composed of the 
vapors of the bodies which are incandescent in the 
photosphere. 

It seems, also, that not only is the visible surface of 
the Sun entirely of a cloudy nature, but that the atmos- 
phere is a highly-absorptive one. Thus when the clouds 
are highest they appear brightest — we seefacuke — ^because 
they extend high into the atmosphere, and consequently 
there ia less atmosphere to obscure our view. Spots may 
be due to the absorption of a greater thickness of atmos- 
phere, as they are hollows in the cloudy surface ; or the 
whole of the cloudy surface may be cleared off in those 
parts from a surface beneath, which emits less light than 
the clouds. 

The more minute features — the granules — are most 
probably the dome-like tops of the smaller masses of 
cloud, bright for the same reason that the faculte are 
bright, but in a less degree. The fact that these granules 
lengthen out as they approach a spot and descend the 
slope of the penumbra, may be accounted for by supposing 
them to be elongated by the current which draws them 
down into a spot, as the clouds in our own sky are length- 
ened out when they are drawn into a current. 

125. The Sun, a Variable Star. — Some spots cover 
millions of square miles, and remain for months ; others 
are visible only in powerful instruments, and are of very 
short duration. There is a great difference in the number 
of spots visible from time to time ; indeed, there is a 
minimum period, when none are seen for weeks together, 

tmosphero? Undorwhat eircnmstanceB do we BfiBfliculal Towimtaro 

■ " — ■ ■ "bbI Eow is their leiiRtlieiilng out as they 

.35. Wbat is IbDDd ta lie tbe case, as regards 
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and a maximum period, when more are seen than at any- 
other time. The interval between two maximum or two 
minimum periods is about eleven years. 

Now, as we most get less light fram the Sun when it ia 
covered with spots than when it is free from them, we 
may look upon it aa a variable star, with a period of 
eleven years. 

It has recently been shown that this period is in some 
way connected with the action of the planets on tho 
photosphere. It is also known that the magnetic needle 
has a period of the same length, its gi-eatest oscillationa 
occurring when there are most sun-spots. Aurone, and 
the currents of electricity which traverse the Earth's 
surface, are affected by a similar period. There seems, 
therefore, to be some connection between these things and 
the solar spots, though what it is we do not know. 

126, Elements in the Sun. — We have before seen {Art, 
83) what substances exist in a state of incandescence in 
some of the stars. In the case of the Sun we are ac- 
quainted with a greater number, Ilere ia the list: — 

Sodium, Zinc Cioid, probable. 

Iron, Calcium. Cobalt, doubtful. 

Magnesium. Chromium. Strontium, ditto. 

Barium. Nickel Cadmium, ditto. 

Copper. lljAro^n, probable. Potassium, ditto. 

The atmosphere of the Sun, like that of the stars, consists 
of the vapors of these and of other — yet unknown — sub- 
stances, and extends to a height exceeding 80,000 miles 
above the visible surface. 

1 27. Beni^ Influences of the Sun, — ^Let us now inquire 
into some of the benign influences spread broadcast by 
the Sun. We all know that our Earth is lit up by its 

the size and duration or tiie enn-Bpotg? As regarda the periods of their oteiir- 
rsnce? What conclHsion is drawn respecting the Sunf With wiiat rtoea the 
occurrence of eolar spota ecem to ho connectodf 126. Mention eome of the 
clemcnta knonn to exlut iu the Sim. Of n-luitducethefolaifituiusiihereconslat} 
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beams, and that we arc warmed ty its heat ; but this by- 
no means exhansts its benefits, which we share in common 
with the other planets that gather round its hearth. 

iz8. And first, as to its light. We have already com- 
pared its light with that which we receive from the stars, 
bnt that is merely its relative brightness ; we want now to 
know its actual or intrinsic brightness. It is clear, at once, 
that no number of candles can rival this brightness ; let 
us therefore compare it with one of the brightest lights 
that we know of— the calcium light. The calcium light 
proceeds from a ball of lime made intensely hot by a flame 
composed of a mixture of hydrogen and oxygen playing 
on it. It is so bright, that we cannot look on it any more 
than we can on the San ; but if we plaee it in front of the 
Sun, and look at both through a dark glass, the calcium 
light, though so intensely bright, looks like a black spot.. 
In fact, Sir John Herschel has found that the Sun gives 
out as much light as li6 calcium lights would do, if each 
ball of lime were as lai^e as the Sun and gave out light 
from all parts of its surface. 

129. Then, as to the Sun's heat. The heat thrown out 
from every square yard of the Sun's- surface is greater 
than that which would be produced by burning sis tons 
of coal on it each hour. Now, we may take the surface 
of the Sun roughly at 2,284,000,000,000 square miles, and 
there are 8,097,600 square yards in each square mila 
How many tons of coal must be bmiit, therefore, in an 
hour, to represent the Snn's heat ? 

130. But the Sun sends out, or radiates, its light and 
heat in all directions; it is clear, therefore, that as our 
Earth is so small compared with the Sun, and is so far 
away from it, the light and heat the Earth can intercept 
is but a very small portion of the whole amount ; in fact, 

13H. Hon' does the brlghtnesa of Ibe Snn compare with ttmt of a cslclnm light? 
1^, Give Bome Idea of tho San'a hoat. ISO. How nmch of this Hoee the Eartli 
Rett How miicnao all tho planets tosetherreMWa! What wonld be the effect 
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we only grasp the r,Tcnr,i^,Ffnr P^"* '^^ '*• -^^^ *^^ planets 
together roccive but one 227-inillionth part of the solar 
light and heat. 

The whole heat of the Sun collected on a mass of ice as 
large as the Earth would be Buiiicient to melt it in two 
minutes, to boil the water thus produced in two minutes 
more, and to turn it all into steam in a quarter of an hour 
from the time it was first applied. 

131. But this is not all. There is something else be- 
sides light and beat in the Sun's rays, and to this some- 
thing we owe the fact that the Earth is clad with verdure ; 
that in the tropics, where the Sun shines always in its 
might, vegetable hfe is most luxuriant, and that with us 
the spring-time, when the Sun regains its power, is marked 
by a new birth of flowers. There comes from the Sun, 
besides its light and heat, chemioal force, which separates 
carbon from oxygen, and turns the gas which, were it 
to accumulate, would kill all men and animals, into the 
life of plants. Thus, then, does the Sun build up the 
vegetable world, 

132. Let us go a step farther. The cnormouB engines 
which do the heavy work of the world, — the locomotives 
which take us so smoothly and rapidly across a whole 
continent, — ^the mail-packets which bear us so safely over 
the broad ocean, — owe all their power to steam, and 
steam is produced by heating water by coal. We all 
know that coal is the product of an ancient vegetation ; 
and vegetation is the direct effect of the Sun's action. 
Hence, without the Sun's action in former times we should 
have had no coal. The heavy work of the world, there- 
fore, is indirectly done by the Sun. ■ 

133. Kow for the Ught work. Let us take man. To 
work, a man must eat. Does he eat beef? On what was 
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the animal which supplied the beef fed ? On grass. Does 
he eat broad? Of what is bread made? Of the flour of 
wheat and other grains. In these, and in all cases, we 
come back to vegetation, which is, as we have already 
seen, the direct effect of the Sun's action. Here again, 
then, we must confess that to the Sun is due man's power 
of work. In fact, all the world's work, with one trifling 
exception (tide-work, of which more hereafter), is done by 
the Sun ; and man himself, prince or peasant, is but a little 
engine, which merely directs the energy supplied by the 

134, Is the Snn inhabited? — This is a question more 
easily asked than answered. If the whole body c " 
Sun is an incandescent globe, of course no t 
beings of whom we can conceive can live upon it. But if 
the incandescence is confined to its photosphere, as many 
think, and the surface of the globe itself is protected from 
its outer envelope by a dense atmosphere, which absorbs 
its intense light and is at the same time a non-conductor 
of heat, thei'e ia nothing to prevent it from being inhabited. 

13;, The Future of the Snn. — Will the Sun keep up 
forever a supply of the force that has been described? 
It cannot, if it be not replenished, any more than a flre 
can be kept in unless we put on fuel ; any more than a 
man can work without food. At present, philosophers 
know not by what means it is replenished. As, probably, 
there was a time when the Sun existed as matter diffused 
through infinite space, the condensation of. which matter 
has stored up its heat, so, probably, there will come a time 
when the Sun, with all its planets welded into its mass, 
will roll, a cold, black ball, through infinite space. 

We have no evidence, however, of any loss of heat, 
even from century to centuiy; and, if there is a loss. 
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tliero will doubtless be sufficient heat left to supply the 
planets with all they need for thousands of yeara to come, 
136. Such,then,isourSun — the nearest star. Although 
some of the stars do not contain those elements which on 
the Earth are most abundant (a Orionis and ;3 Fegasi, for 
instance, are worlds without hydrogen), still we see that, 
on the whole, the stars differ from each other, and from 
our Sun, only in special modifications, and not in general 
structure. There is, therefore, a probability that they 
fulfil an analogous purpose; and are, like our Sun, sar- 
rounded with planets, which they uphold by their attrac- 
tion, and illuminate and energize by their radiation. 
Hence the probable past and future of the Sun are the 
probable past and future of every star in the firmament 
of heaven. 



CHAPTER IV. 

THE SOLAR SYSTEM. 

137. General Desoription. — From the Sun we now pass 
to the system of bodies which revolve round it ; and here, 
as elsewhere in the heavens, we come upon the greatest 
variety. Wo find planets — of which the Earth is one — 
differing greatly in size, and situated at various distances 
from the Sun. We find again a ring of little planets 
clustering in one part of the system; these are called 
asteroids, or minor planets : and we already know of at 
least two masses or rings of smaller planets still, some of 
them so small that they weigh but a few grains. These 
give rise to the appearances called mi'tmrs, bol'i-ilea, or 

licasDDtng b; analog; from tlie Sun, wbst mar we suppose wlUi respect to tb^ 
137. WHflt dWerent bodies do we And in the Solnr System? 133. How rnanr 
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shootint/stars. We find also comets, some of which break 
in upon us from all parts of space, and then, pt^sing round 
our Sun, rush back again ; while others are so little erratic 
that they may be looked upon aa members of the solar 
household. Besides these, there is another ring visible to 
us, under the name of the zodiacal light. 

138. In the Solar System, then, we have Eigiit lai^e 
IPlanetB, named as follows, in the order of their distance 
from the Sun, and denoted in Almanacs, etc., by the signs 
appended to them respectively ; — 

1. Mercury, a 5. Jupiter, if 

2. Venus, ¥ 6. Saturn, 5 

3. Earth, e T- Uranus, igi 
i. Mai-s, $ 8. Keptune, ? 

One hundred and twelve small Planets revolving round 
the Sun between the orbits of Mars and Jupiter, Their 
names are given in the Appendix, and they are denoted 
by numbers indicating the order of their discovery, 

Heteoric Bodies, which at times approach the Earth's 
orbit, and occasionally reach the Earth's surface. 

Comets. 

The Zodiacal Light, a ring of apparently nebulous mat- 
ter, the exact nature and position of which in the system 
are not yet determined. 

139. Explanation of the Signs. — ^An explanation of the 
signs by which the eight large planets are denoted, may 
enable the student to remember them more easily. 

Mercury was the messenger of the gods ; the sign of 
the planet so called ( 3 ) is deduced from the outline of his 
caduceus, or rod, which was entwined by two serpents 
and surmounted by a pair of wings. Venus, the goddess 
of beauty, has for her sign a circular looking-glass with a 



large planets are there? Nnm 
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handle (?). The Earth's sign is a cii'cle, denoting its 
shape (ffl). Mars, the god of war, has a round shield sur- 
mounted by a spear-head (S), Jupiter's sign (if) is de- 
rived from a capital zeta (Z), the initial of his Greek name, 
Zeus, Saturn, the god of time, is represented by the scythe 
with which he mows down the human race ( ^ ). Uranus 
is denoted by a planet suspended from the cross-bar of an 
H, the initial of Herschel, its discovei'er Q^), Neptune is 
known by his trident ( f ). 

140, Historical Details. — Of the eight large planets, 
Mercury, Venus, Mare, Jupiter, and Saturn, being visible 
to the naked eye, wei-e known to the ancients. Uranus 
was discovered in 1J81 by Sir William Herschel, from 
whom it was first commonly called Herschel. Its discov- 
erer gave it the name of Georgium Sidus, in honor of King 
George III. Both these names, however, were discarded 
for the mythological one by which it is at present known. 

141. Neptune was first seen and recognized as a planet 
by Dr. Galle, of Berlin, in 1846. The honor of its dis- 
covery is due to the French astronomer Lo Vender and 
the English Professor Adams. 

The discovery of Neptune is one of the most astonish- 
ing facta in the history of Astronomy. As we shall see in 
the sequel, every body in our system affects the motions 
of every other body ; and, after Uranus had been discov- 
ei'ed some time, it was found that, on taking all the known 
causes into account, there was still something affecting its 
motion ; it was suggested that this something was another 
planet, moi-e distant from the Snn than Uranus itself. The 
question was, where was this planet, if it existed. 

Adams and Le Vcrrier applied themselves, indepen- 
dently, to the solution of this problem, and aiTived at re- 
sults which showed a remarkable agreement, the positions 

nte dlsUngniBhed. 140. Which of tlie planota woro known to the ancients! 
Whoa and hy whom was Uranus diBcooeroil? Wliat other iicmeB has it had! 
141. To whom is tho hoiioi' of Hia diacoveiy of Neptune due? State fiie Inieroat- 
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assigned tho unknown planet respectively by the two 
astronomers not Ijcing a degree apart, Seai-ch was made 
in July, 1846, with the large telescope of the Cambridge 
Observatory, in the region indicated by the calculations 
of Mr. Adama ; but no planet was recognized. In the fol- 
lowing September, Le Verricr wrote to the Berlin observ- 
ers, acquainting them with the results of his inveatigatioiia, 
and requestmg them to txplore a certain part of the heav- 
ens where he imagined the planet then to be. Thanks to 
their supenor star map (which had not yet been pub- 
lished), the planet was discovered, in accordance with 
these instructions, that same evening, 

142, Thefiist of the asteroids, Ceres, was discovered 
in 1801 by the bidban astronomer PiazM. Pallas was 
added to the hbt in 1804 , Juno, in 1804 ; Vesta, in 1807 ; 
the rest have been discovered since 1844. 

143. A Suspected Planet. — Besides the eight principal 
planets mentioned above, a ninth — quite small — is sus- 
pected to exist, between Mercury and the Sun, only thir- 
teen million miles from the latter, and performing its 
revolution in about 194 days, in an orbit inclined to the 
ecliptic at an angle of 1 3°. A French physician, named 
Lesearbault, claimed to have discovered it crossing the Sun's 
disk in 1859. The name of Vulcan was assigned to it. 

Other observers have, at different times, seen spots of 
a planetary character rapidly cross the disk of the Sun, 
which may turn out to have been transits of Vulcan ; but 
up to the present time we can only say that the esnstence 
of such a planet is suspected — it is not proved, Le Ver- 
rier and other astronomers consider it not improbable, by 
reason of a certain disturbance in the motion of Mercury, 
for which a planet so situated would account. 

Ins liiMa coonected with Hie diacoveiy of Neptune. 142. Which four of the 
SBteroids were first dfseovered. and wbenf 143, What Is said resiifictinj; « 
ninth planet, ivhose existence Is saapectertf What oppearaneea thiithnvo been 
ubseTredmajhaTehBentraneitaorVnlcanF What seems to mttke the eiisteDCe 
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144. Motions and Orbits of the Planets. — ^L-^t as bogin 
by getting mo t,ei eral njtioni of tho j li ti y motions 
and orbits In the flrbt plice aJl the planeU tt ivel to tnd 
the Sun in the same dneetion and tbit direction lookii g 
down uptn the Bysttm from the noithem sile of it, la 
framimst to east 01 m other worl m the opposite di 
reotion to thit m which the h^nds of i clock mo^ e Sec 
ondly, the paths f all the j/lat et^ a? I of man j of tht, 
comets, aire elliptical but some ■lie yeiy much more cUii 
tical than others 

145. Next let the student turn bacL to \it 111 11 
which we attempted to give an idea (f the \ line of t! e 
ecliptic. Now, the lii^cr \ Unet-f keep ^ ry 1 eailj t t! 
level, wliich is repreaented in the following figure :^ 



FlQ. so.— TnH Pl.AliE op THE EcLlPTlP ABl) 1 UK PlABKIAKV OHEITB. 

The straight line we suppose to represent the Earth's 
orbit looked at edgeways. The other lines represent the 
orbits of some of the planets and comets seen edgeways in 
the same manner. The orbits of Mars, Jupiter, Saturn, 
Uranus, and Neptune, deviate so little from the plane of 
the ecliptic, that in our figure, the scale of which is very 
small, they may be supposed to lie in that plane. "With 
some of the smaller planets and comets we see the case is 
very different. The latter, especially, plunge as it were 
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down into the surface of oui- ideal sea, or plane of the 
ecliptic, in all directions, instead of iioating on it or re- 
volving in it. 

146. noons. — Again, as we thus find planets travelling 
round the Sun, so also do we find other bodies travelling 
round some of the planets. These are called Moons, or 
Satellites. The Earth has one Moon; Jupiter has four, 
Saturn eight, Uranus four, and Neptune, according to our 
present knowledge, one. 

147. Kotions of the Planets.— AH the planets revolve 
round the Sun and rotate on their axes in the Same direc- 
tion, i. e., from west to east. The satellites also revolve 
round their primaries in the same direction, except those 
of Uranus and Neptune, which move from east to west. 

148. Bistanoes from the Sun. — ^Let us next inquire into 
the various distances of the planets from the Sun, bearing 
in mind that, as the orbits are elliptical, the planets are 
sometimes nearer to the Sun than at other times. The 
mean distances fi-om the Sun, and the times of revolution, 

a the Earth's days, are as follows : — 

Period of revolution round 



Mercury, . 


35,393,000 




87 


23 


15 


Venus, . . 


66,131,000 




224 


16 


48 


Earth, . . 


91,430,000 




366 


6 


9 


Mars, . . 


139,312,000 




686 


23 


31 


Jupiter, , 


475,693,000 




4332 


]4 


2 


Saturn,. . 


872,135,000 




10759 


6 


16 


Uranus, 


1,753,851,000 




30686 


17 


21 


Neptune, . 


2,740,371,000 




60118 
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orhila of tie comets in 
are Moons t What pla 
other motion hesidea th 
do tha satcmtes rerolve 
tot la the fartheat plane 


Inod, as regards the p 
nets have moona, and 

118, How far !e the ne 
? What ia the lonstho 
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of the ocliptle ? 
manyJma eaehf 
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tanee ; hence the solar disk must vary in aize, as seen from 
the different planets, appearing largest to Mercury, which 
is nearest to it. Fig. 31 shows the relative size of the disic 
as seen from the several planets. It ie well to i-ememher 
that the relative size of the disk, as thus shown, represents 
also the relative amount of light and heat which the plan- 
ets receive. 

i;o. Comparative Size of the Planets, — Tlie equatorial 
diameters of the planets are as follows : — 



Mercury, 
Venus, 

Earth, 
Mars, . 


Diamet 


rinMilBB. 
2,962 
7,510 
7,926 
4,000 


Jupiter, . 
Saturn, . 
Uranus, . 
Neptune, 


Diameter loMtlee. 
. . . 85,390 
. . . 71,904 
. . . 33,024 
. . . 36,620 



151. We have before attempted to give an idea of the 
comparative size of the Earth and Sun, and ot the distance 
between them ; let us now complete the picture, v. ith the 
aid of Sir John Herechel's familiar illustration. Taking 1 
globe two feet in diameter to represent the Sun, Mercury 
would bo a grain of mustard-aeed, revolving in a circle 
164 feet in diameter; Venus, a pea, in a circle 284 feet in 
diameter ; the Earth, also a pea, at a distance of 430 feet ; 
Mars, a rather large pin's head, in a circle of 654 feet ; the 
asteroids, grains of sand, in orhita of from 1,000 to 1,200 
feet ; Jupiter, a moderate-sized orange, in a circle nearly 
half a mile across ; Saturn, a small orange, in a circle of 
four-fifths of a mile ; TJranus, a full-sized cherry, or small 
plum, in a circle more than a mile and a half across ; and 
Neptune, a good-sized plum, in a circle about two miles 
and a half in diameter. 

Fig. 33 will help to give an idea of the relative size of 

OfNeptuno'ef 149. On wlBt doBB tho apparent Biie "fan ol^ect flependf To 
which planet does Hie Snn look inrgeatf To which, EmaUeet? What does the 
relative eize nf the Son's disk also lepreaent t 160. Which planet hue the groat- 
eat diameter? Whloh.the emalleat? Bow does the Earth's diameter c^omparo 
ivitlitlintofVenusf With that of Joplter f 151. Give Sir John Herschera lliue- 
ti'atlon of the comparative ^oe nn<1 dielancoe of the planets. What does Fig. 32 
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:lie Sun and planete. The black oii-cla represents the disk 
of the Sun. Tlie disks of the several planets are repre- 
sented by the white circles, on the same scale as that of 
the Sun, commencing with Mercury at the right of the 
upper line. 




i;2. Distances and Eevolutioiis oi' the Satellites. — The 
satellites revolve round their primaiies, like the planets 
round the Suo, at ditFerent distances. Our solitary Moon 
courses round the Earth at a distance of 240,000 miles, 
and its journey is performed in a month. The first satellite 
of Satunt 19 only about oiie-thivd of this distance from its 
primary, and its journey is performed in less than a day. 



salellllnsfromtlioi 



iof revoluttou. 163. n 



,v Google 



TUB SATELLITES. 79 

The first satellite of TTranua is about equally near, ai>d 
requires about two ani3 a balf days. The first satellite of 
Jupiter is about the same distance from that planet as our 
Moon is from ua, and its revolution is accomplished in one 
and three-quarters of our days. The only satellite whicli 
takes a longer time to revolve round ita primary than our 
Moon, is Jap'etus, the eighth satellite of Saturn, 

The diameter of the smallest planet — leaving the 
asteroids out of the question— is 2,962 miles. Among the 
satellites we have three bodies — the third and foui-th 
Satelbtes of Jupiter, and the sixth moon of Saturn— of 
gi-eater dimensions than one of the large planets, Mercury, 
and nearly as large as another. Mars. 

The distances itad sizes of all the planets and siitellltes are given in 
Tables H. and III. of the Appendis. 

153. The relative distances o£ the planets from the Sua 
were known long before their absolute distances — just as 
we might know that one place was twice or three times as 
far away as another, without knowing the exact distance 
of either. When once the distance of the Earth from the 
Sun was known, astronomers could easily find the distance 
of all the rest from the Sun, and therefore from the Earth. 
Their sizes were next determined, for we need only to 
know the distance of a body and its apparent size, or 
the angle under which we see it, to determine its real 
dimensions. 

154. Volumes, Masses, and Densities of the Planets, — 
In the case of a planet accompanied by satcUites we can 
at once determine its weight, or wi«ss, as will be shown 
hereafter; and when we have ascertained its weight, 
having already obtained its size or volume, we can com- 
pare the density of the materials of which it is composed 

were tDown Iret— ttio rekiHae dislances of tfie planets from the Sun, or tbcic 
gtia/aae diatuDcee? Wh?n (he dialaDCe of ttie Earth ^-om the Snnwaa dcler- 
mlued, vimt foUowed ; Wbat vera next dctenniaGil ? IM. In whEt fSjo can wo 
at etaxx detetmlne tlia weiglit of a pltmot f If iva know its size, ivlisi oaa wa 
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with those we are familiar with here ; having first also 
obtaiDed eKperimentally tho density of our own Earth, 

1 5 5. Let us see what thia word density means. To do 
this, let us compare platinum, tho hoavicet metal, with 
hydi-ogen, the lightest gas. The gas is, in round numbers, 
a quarter of a million times lighter than the metal, and 
thei"efore the same number of times less dense. If we had 
two planets of exactly the same size, one composed of 
platinum and the other of hydrogen, the latter would be 
a quarter of a million times less dense than the former. 
Now, if it seems absurd to talk of a hydrogen planet, wc 
must remember that if the materials of which our system, 
including the Sun, is composed, once existed as a great 
nebulous mass extending far beyond the orbit of Neptune, 
as there is reason to believe, the mass must have been 
more, than 200,000,000 times less dense than hydrogen! 

156. Philosophers have found that tho mean density 
of the Earth is a little more than five and a half times 
that of water; that is, our Earth is five and a half times 
heavier than it would be if it were made up of water. 
Looking at the planets together, we find that, as a general 
rule, they increase in density as we approach the Sun, 
Mercury being the densest, Venus and Mars agreeing very 
nearly with the Earth in density, Jupiter being only \ as 
dense as the Earth, and the more distant planets, Saturn, 
Uranus, and Neptune, being still less dense than Jupiter. 

157. A table follows, showing the relative volume, 
mj^s, and density of the planets, the Earth's being repre- 
sented by 100. The absolute volume of the Earth being, 
in round numbers, 259,400,000,000 cubic miles, and its 
weight 6,000,000,000,000,000,000,000 tons, the volume and 
weight of the other planets can be readily found from 
this tabic. 

^hendof 155. IHnetrate llie meaning of tha word densiijiliyconiparlTigplntinuni 
with hjrdcogen. 156. How does the di^nsitj of the Earth compare wUh that of 
water? Compadog tho other planets with tho Burth as regards deoiiUy, what 
do we find! 157. Which planet is atHiDt 300 times as heavy as UiB Earth t How 
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Mei-cury, 






5 


7 


Venus, 






80 


79 


Earth, 






100 


100 


Mara, 






■ 14 


12 


Jupiter, 






138,700 


30,000 


Saturn, 






74,600 


9,000 


TJranus, 






7,200 


1,300 


Neptune, 






8,400 


1,700 


3, Sammli] 


If 


up 


—To sum up, then, o 



Burvey of the Solar System, we find it composed of p 
satellites, comets, and several rings of meteoric bodies; 
the planets, both large and small, revolving round the Sun 
in the same direction, the satellites revolving roand the 
planets. "We have learned the mean distances of the 
planets from the Sun, and have compared the distances 
and times of revolution of some of the satellites. We 
have also seen that the volumes, masses, and densities 
of the planets have been determined. There is still much 
more to be learned, about both the system generally, and 
the planets particularly; but it will be best firat to in- 
quire somewhat minutely into the movements and struc- 
ture of the Earth on which we dwell. 



CHAPTER V. 

THE EARTH. 

'59- ^^^ took the Sun as a specimen of the stai's, 
t)ocause it was the nearest star to us, and we could there- 
fore study it best ; so now let us take our Earth, with 
which we should be familiar, as a specimen of the planets. 

does Jupiter conipiire ta deneltr with the Satth? Which plaaethos the least 

doneilj? 1B8. Sum np wbatwo liave tlms toslatefl reapoctlngtheHolarSyBlani. 

1S9. Wliat baAj io we first consider, as a epeclmeu ot the pkueCs? IflCt 
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160. Shape of the Earth. — In the first place, the Earth 
is round. Had we no proof, we might have guessed this, 
hecause both Sun and Moon, and the planets observable 
in our telescopes, are round. But we have proof. The 
Moon, when eclipsed, enters the shadow of the Earth ; and 
this shadow, as thrown on the bright Moon, is circular. 

Moreover, if we watch ships putting out to sea, we lose 
fii-st the hull, then the lower sails, until at last the highest 




Fk S3--FI1 OF IF THE CURV\TITltB Or THB BAItlH B SmtFACE 

parts of the masts disappear. So the sailor, when be 
sights land, first catches the tops of mountains, or other 
high objects, before he sees the beach or jiort. K the 
surface of the Earth were an extended plain, this would 

WbatiB tUeebnpODnUeEartli^ What piwife have nrf that tlieEorihisFoaua? 
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not happen ; we Bhould see the nearest things and the 
largest things first. As it is, every point of the Earth's 
■surface is the top, as it were, of a flattened dome inter- 
posed hetwcen ub and distant objects. The inequahties 
of the land render this fa«t miich less obvious on terra 
Jirma than on the surface of the sea. 

Again, the roundness of the Earth has heen proved by 
navigators, who, sailing in one direction, either east or west 
(aa nearly as the different bodies of land would pei-mit), 
have returned to the place from whieh they set out. 

161. The Sensible Horizon,— On all sides of us we see 
a eii-cle of land, or sea, or both, on which the sky seems to 
rest ; this is called the Sensible Horizon. K we observe it 
from a little boat on the sea, or fi'bm a plain, this circle is 
small ; but if we look out from the top of a ship's mast or 
from a hiU, we find it greatly enlarged — in faet, the 
higher we go tho more is the horiaon extended, always 
however retaining its circular form. Now, the s 




the only figure which, looked at from any external point, 
is bounded by a circle ; and as the horizons of all places 
are circular, the Earth is a sphere, or nearly so. 



lU. What ie tho Sen 
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162. Poles, etc.— The E.irth is 
not only round, bat it rotates or 
turns on an axis, as a top does 
when it is spinning ; and the names / 
of Worth Pole, and South Poh si 
given to those points where the \ 
axis would come to the surface if ' 
it were a great iron rod instead of 
a mathematical line. Half-way be- 
tween these two poles, there is an 

, . . , , FiQ. 86.— Polks akd EouiTOH. 

imaginary line running round the 

Earth, called the JSquator or Equinoctial Line. 

The line through the Earth's centre from pole to polo, 
is called the Polar Diameter ; the line through the Earth's 
centre from any point of the equator to the opposite point, 
is called the HJquatorifU Diameter ; and one of these, as 
we shall see, is longer than the other. 

163. FroofB of the Earth's Botation, — We owe to the 
ingenuity of the French philosopher, Foucault, two ex- 
periments which render the Earth's rotation visible to the 
eye. For, although it is made evident by the apparent 
motion of the heavenly hodies and the consequent suc- 
cession of day and night, we must not forget that those 
effects might be, and for long ages were thought to be, 
produced by a i-eal motion of the Sun and stars round the 
Earth. 

164. The first experiment consists in allowing a heavy 
weight, suspended by a fine thread or wire, to swing back- 
ward and forward like the pendulum of a clock. Now, 
if we move the beam or other object to which such a 
pendulum is suspended, we sliall not alter the direction in 
which the pendulum swings, as it is easier for the thread 

UiBBonBible horizon nflbrd f 1B2. What !a meant by Iho North and (ho South 
Poteof the Garib? Bj the Eqnatot? By the Polar Diamotor ? By the Eijua- 
lorialDiamoterf Which of these two diameters is the longer? 1«3. To whom 
are we indehted tor having made Hie Earth's rotation on its Asia visible to the 
ejol \tA. Qivoanaccount of thcdiBt experiment. Where and how might anclt 
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which Bopports the weight to twist than for the heavy 
weight itself to alter its course when once in motion in 
any particular direction. Therefore, if the Earth were at 
rest, the swing of the pendulum would always he in the 
same direction with regard to the support and the sur- 
rounding objects. 

Foueault'e pendulum was saspended from the dome of 
the Pantheon in Paris, and a fine point at the bottom of 
the weight was made to leave a mark in sand at each 
swing. The marks successively made in the sand showed 
that the plane of oscillation varied with regard to the 
building. Hero, then, was a proof that the building, and 
therefore the Earth, moved. 

Such a pendulum swinging at either pole would make 
a complete revolution in 24 hours, and would serve the 
pui-poso of a clock were a dial placed below it with the 
hours marked. As the Earth rotates at the north pole 
from west to east, the dial would appear to a spectator, 
carried round like it by the Earth, to move under the 
pendulum from west to east, while at the south pole the 
Earth and dial would travel fi-om east to west ; midway 
between the poles, that is, at the equator, this eflfect, of 
course, is not noticed, as there the two motions in opposite 
directions meet. 

165, The second experiment is based upon the fact 
that, when a body turns on a perfectly true and symmetrical 
axis, and is left to itself in such a manner that gravity ia 
not brought into play, the axis maintains an invariable 
position ; indeed, to maint^n its position, it will even over- 
come slight obstacles. If, then, the axis of a heavy disk, 
so freely suspended that it is at almost entire liberty to 
turn in any direction, be made to point to a star, which is 
a thing outside the Earth, it will continue to point to it-— 

a pendulum be miuio lo serve as a cioclt f How wonlii llio dial appear to mote 
at the uortb pole ! How. at the eouth pole? How, at ttie oquatur? 165. On 
what (Set ia tie aecond espetiuieut hased t lOB. Wlwt inBtrnmont does it em- 
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even turning, if the Earth's rotation makes it n 
ordei- to keep the same absolute direction. 

166. The Gyi-oscope is an instrument so made that a 
heavy disk, freely suspended and set in veiy rapid motion, 
shall be able to rotate for a long period, and that all dis- 
turbing influences, the action of gravity among them, may 
be as isLT as possible prevented. 

Now, if the Earth were at rest, there would be no 
apparent change in the position of the axis, however long 
the wheel might continue to turn ; but if the Earth moves 
and the axis remains at rest, there should be some dif- 
ference. Experiment proves that thei-e is a difference, and 
just such a difference as is accounted for by the Earth's 
rotation. In fact, if we so arrange the gyi-oacope that the 
axis of its rotation points to a star, it will remain at rest 
j_. with regard to the star, while it varies 

with regard to surrounding objects on 
the Earth. This is proof positive that 
it is the Earth which rotates on its axis, 
and not the stars that revolve round 
it ; for in the latter case the axis of the 
gyroscope would remain invariable with 
retfard to the Earth, and change its dir 
lection with regaid to the star. 

Fi^ S6 represent'' the intprestmf; inslniDiLnt 

with which Ibe esperiment jiigt refenicd to is 

maiJe D la 3, heaij B?mtDetrical metallie disk, 

, mnunted on ta ano which paasee through O, the 

centre of the disk, and it perpLiidioular to ita two 

sides. This asis terminiiteB io pivots C C, which 

fit into holes made at opposllo extremitJeB of the 

diameter of a oirculif ring S B', which is furnished 

with two knifo-edgcs (like those of a balance), 

Vm. 36.— Thb Gtbo- and SO arranged th-i-t SIS' ia the diameter of the 

8C0PB. ring perpendieulir to C C The knife-edgea rest 

n holes made at opposite extreniitiM of the horizontal diameter of a ver- 

iloj? Ituw due« Oie gjroBcopc jiiorp tlic Eartt'B ivitation? Describe the con- 
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tioal oircle A A', which is suspended by a fine wiro from the fixed point S. 
At A' IB a pivot, which testa in it BmaU hole. All the pivots ace h^hly 
polished, so that friction may be avoided as much as possible ; and the 
different parts are ao adjusted that is the common centre of the dislia 
and the rings. The axis 0' may be made to point in any direction by 
moving first the ring A A', and then the ring BS', Into proper positions. 

To perform the experiment, BB" is removed from its supports, and, 
the disk having been imide to revolve rapidly, is then restored to its 
place. Whatever star C C" is direelfid toward, it continues to point to 
OS long as the dislz rotates, and thus, as stilted above, changes its position 
relatively to objects on the Earth ; unless, indeed, the star be the polar 
)f direction will be observed. 

167. Imf^^ary Lines oa 
the Earth's Surfe.ee,— If wc 
look at a terrestrial globe, we 
find that the equator is not 
the only line marked upon it. 
' There are snaall circles paral- 
lel to the equator, called Paral- 
lels; and large circles, called 
MBridians, passing through 
both poles, and dividing the 
Fio.aT.— PARiixBisAtJDMERiDiANa. cquator into equal part,s. 
These lines are for the purpose of determining the exact 
position of a place upon the globe. 

168. Latitude. — The distance of any place from the 
equator, measured in degrees (or 360ths) of its meridian, 
is called its Latitude. If north of the equator, it is said 
to be in north latitude; if south of the equator, in south 
kttUyde. As either pole is 90° distant from the equator, 
the greatest latitude a place can have is 00°, 

169. Longitude. — But something else besides latitude 
is needed to define the position of a place. Accordhigly, 
some meridian is taken, — in this country either the merid- 

strnctlim of the gyioscops. What is done ia Che inBtrnmant when the exper 
msnt Is perfonneil ! lOT. What circles do we And on a terreatrtal globe 1 WhD 
ta tliplr object! 16S. What la Latitude ? What ia the difference between Nort 
and Sonth Latitude ? What Is the greatest latitude a place con hare ? 369, Whs 
else bealdcs laUtndo is needed to define the position of n place t What is Longl- 
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ian of Wasliington, or that which passes through Green- 
wich, near London, where the principal observatoiy of 
England is situated ; and the distance of the place from 
this First Meridian, as it is called, measured in degrees 
(or 360th8 of its parallel), determines, with its latitude, its 
exact position. Distance &om the first meridian, so meas- 
ured, is called Longitude. Places ei^t of the first merid- 
ian are said to be in east longitude, and those west of the 
first meridian in west longitude. As the distance half 
round the Earth is 180°, the greatest longitude a place 
a have s 1 b ° 

170, Zones. — On the terres- 
trial glohe we find parallels of 
latitude and meridians of longi- 
tude liud down 10° or 15° apart. 
' Besides these, 23^° fi-om the 
e juator on either side are the 
Tropica, — ^the Tropic of Cancer 
north of the equator, the Tropic 
of Capricorn south of it. 

At the same distance from 
the poles are the Folax Circles, 
the northern one being distinguished as the Arctic Circle, 
the southern as the Antarctic Circle. The tropics and 
polar circles divide the Earth's surface into five belts, or 
Zones — one torrid, two temperate, and two frigid zones, as 
shown in Fig, 38, 

171. Folar and EcLuatorial Siameter, — The distance 
along the axis of rotation, from pole to pole, throngh the 
Earth's centre, is shorter than the distance through the 
Earth's centre from any point of the equator to the op- 
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posite one. In other words, the Polar Diameter (Art. 
162) is shorter than the Equatorial Diameter. Thoir 
lengths are aa follows ; — 

Mean Equatorial Diumeter, . 41,848,380 . V,925||-g 

Polar Diameter, 41,708,710 . 7,899^^ 

Difference in length, about 26^ miles. 
This difference is but small; yet it proves that the Earth 
is not a sphere, but an oblate spheroid (see Art. 39). 

172. The mean equatorial diameter is given above, for 
it is found that the equatorial circimiference is not a per- 
fect circle, but an ellipse, the difference between the major 
and minor axis of which is more than 1| miles. The 
equatorial diameter which nms from longitude 14° 23' 




iB meant by the Polar DiamctcroftlicEnrth? TlieEiyiatoriiilDianister? How do 
thejr compare lo lengths What.llieDjs the form of the Enrtli f ITl. Wliyle the ei- 
presBlon mean aiinatoriiil dlameteruaed J 113. What prodncee tlic enccession of day 
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cast of Greenwich to 165° 3'?' west in over 1^ miles longer 
than the one at right angles to it. 

173. Hotaons of tlie Earth. — The Earth turns on its 
axis, or polar diameter, in 2ah, 56m. In this time we get 
the succession of <lay and nighty which is due to the 
Earth's rotation. The Earth also goes round the Sun, and 
the time in which that re\ olution is effected we call a j/ectr. 

174. Bevolution rottnd tli3 Sim. — ^The Earth and all 
the other planets move round the Sun in elliptical orbits. 
An ellipse was defined in Art. 35 ; its shape depends on 
the distance between its foci. It may be a decided oval, 
like iJWin Fig. 39; or, if the foci are near together, it 
may have bo little eccentricity as to be indistinguishable 
from a circle, as in the case of IJ, which looks as if it 
wei-e parallel to the circle GH, The planetary orbits 
differ but little from circles, 

175. Perihelion and Aphelion. — ThoSun is not at the 
centre of the ellipses described by the planets, but at one 
of the foci. Hence every planet is nearer the Sun at one 
time of its revolution than at another. When nearest to 
the Sun, a planet is said to be in perihelion {from the 
Greek words nepl, near, and tjXioc, the Sun) ; when farthest 
off, in aphelion {aTtb, from, and ^Ato?, the Sun). 

176. The eccentricity of the ellipse described by the 
Earth is only -jlj-, so that when the orbit is represented on a 
small scale, as in Fig. 40, no deviation from a circle is per- 
ceptible. The Earth is 3,000,000 miles nearer the Sun in 
perihelion (at P, Fig. 40) than in aphelion (at A). 

The Earth is in perihelion at present about January 
1st, the time of the southern summer, and in aphelion 
about Jnly 1st, the period of the northern summer. This 
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tor About 3,600 ^eaife before the creation of Adani, the 
Lirth was neaiest to the Sun during the summer of the 
nortlierii hemi'-phere, and farthest off in the northern win- 
ter, which must ha\e mide the northern summer much 
hotter than it now is (according to Sir John Ilerscbel, 23°), 
and the northern winter as much colder. 

177. Velocity of the Earth's Motions. — Let us now in- 
quire with what velocity the two motions of the Eai-th ai-e 
performed. 

As regards the diurnal motion, or rotation on the axis, 
■it is clear that all the points on any meridian must make a 
complete revolution in the same time, while the circles or 
distances traversed in making such revolution diminish as 
we go from the equator to either pole. Hence, there is a 
material dliferenee in the velocity of points in diiferent 
latitudes. The poles have no rotary motion at all, and 

Whiit Is UiB conBequence. as cegarda Uie eouthem BUmmBrt When ninst the 
northern enninier have been hotter than it now is, and why! IW. Show why 
dlftcrent parta of tlie Barth'a enrrace have a different vulodty of rolallon. WSat 
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the regions about them Tery little. Points in the latitiitle 
of Paris have a velocity of about 330 yards a second; 
those in tho latitude of Washington, about 375 yards; 
and those on the equator, about 507 yards. It has been 
demonstrated that the time of rotation has not vaiied one- 
hundredth of a second during the last two thousand years. 

1 78. The velocity of the Earth in its orbit is constantly 
larying, being greatest when the Earth is in perihelion, as 
the Sun's attraction is then strongest. Its average rate is 
about 19 miles a second — more than a thousand times 
greater than that of the fastest locomotive, Two philos- 
ophers, who have attempted to determine tho amount of 
heat that would be developed by the abrapt stoppage of 
the Earth in its orbit, tell us that it would suffice to melt 
the entire globe and reduce the greater part of it to vapor. 

179. The reason why we are unconscious of moving 
witli this immense rapidity is that we have never tnown 
any other condition, and that the whole built of the Earth. 
and every object on and around it, including the atmos- 
phere and clouds, participate in the motion. 

180. Biclinatioii of the Eartli'B Axis. — Now refer to 
Art, 112, in which we spoke of the position of the Sun's 
axis. We found that the Sun was not floating uprightly 
in our sea, the plane of tho ecliptic ; it was dipped down 
in a particular direction. So it is with our Earth. The 
Earth's axis is inclined in the same manner, but to a much 
greater extent (23° 21' 24"), The direction of the inclina- 
tion, as in tho case of the Sun, is always the same. 

181. Effects of the Earth's Motions. — We have, then, 
two completely distinct motions — one performed in a day, 
round the axis of rotation, which, so to spealt, remains 

1b the velocity 1b the latitudo of Paris f In tlmtofWasblngtonf At the equa- 
tiTf Whdt hua bsen ehoivn respBodiiK the time of totatfon t ITB. Whst canaeB 
cnnatant chnngea in thevelocftyof theEarthSBit revolTCS ronud theSnnf Wliat 
is tlie flTerage rate of the EartVa motion in Its orbit? 179. Whjarewe nncon- 

tlie Earth's, aile. J81. How nuinj-motloua, ihcii, has the Eartli, and what do we 
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parallel to itself; the other roiind the Sun, performed in a 
year. To the foi-mor motion we owe the succession of day 
and night ; to the latter, comliined with the inclination of 
the Earth's axis we owe t 




182. Succession of Day and Night, — Fig. 41 represents 
the orbit' of the Earth, with the Sun at its centre. It also 
shows how the axis of the Earth is inclined, its direction 
being toward the Sun on the 21st of June, and the inclina- 
tion being about 23^°, Now, if we bear in mind that the 
Earth is spinning round once in twenty-four hours, we 
shall immediately see how it is we get day and night. 
The Sun can only light up that half of the Earth turned 
toward it ; consequently, at any moment, one-half of our 
planet is in sunshine, the other in shade— the rotation of 
the Earth bringing each part in succession from sunshine 
to shade, and from shade to sunshine, 
owa tocaoli? 1^ Whntdoee Fig. 41 represent? Dow is it that wo gel the aijo- 
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183. But it will be asted, "How is it that the days 
and nights are not always eqwal 'i " We answer, by 
reason of the inclination of the axis. 

In the first place, the days and nights are equal all 
over the world on the 22d of March and the 22d of 
Seiitember, which dates are called the vernal and the 
autumnal equinox for that very reason — equinox being 
derived from two Latin words meaning equal nigkt, 

Now let MS look at the small circle marked on the 
Earth — it is the arctic circle ; and let us suppose ourselves 
living in Greenland, just within that circle. What will 
happen? At the vernal equinox (it will be most con- 
venient to follow the order of the year) we iind that circle 
half in light and half in shade. One-half of the twenty- 
four-hours (the time of one rotation), therefore, will be 
spent in sunshine, the other in shade : in other words, the 
day and night will be equal, as before stated. Gradually, 
however, as we appi-oach the summer solstice (going from 
left to right), we find the circle coming more and more 
into the light, in consequence of the inclination of the 
axis, until, when wo arrive at the solstice, in spite of the 
Earth's rotation we cannot get out of the light. At this 
time we see the midnight sun due north. The Sun, in 
fact, does not set. 

The solstice passed, we approach the autumnal equinox, 
when again we shall find the day and night equal, as we 
did at the vernal equinox. But when we come to the 
winter solstice, we get no more midnight suns ; as shown 
in the figure, all the circle is situated in the shaded 
portion ; hence, in spite of the Earth's rotation, we cannot 
get out of the darkness, and we do not see the Sun even 
at noonday. 

There will now be no difficulty in understanding how 
at the poles the years consist of one day of six months' 

coeaion of lioy nnd utght ? 1S3. EipMn tha inequality of the tlojs Btici nights, 
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dwration, and one night of equal length. To comprohend 
our long summer days and short nights, we have only to 
take a point abont half-way between the arctic circle and 
the equator, as marked on the plate, and reason in the 
same way as we did for Greenland, At the equator we 
ehall find the day and night always equal. 

184, Here is a table showing the length of the longest 
day in different latitudes, from the equator to the polos ; — 
Honre, o , Honw. 



(Eniiator) . 



30 


48 


41 


24 


49 


3 


5i 


SI 


58 


27 


61 


19 


63 


23 


64 


50 



66 21 2:( 



60 32 24 



6 ; 67 23 1 

I 69 51 2 

78 40 3 



9 78 11 . 
20 84 5 . 



(role) 

1 85, What we have said about the northern h 
applies equally to the southern, but the diagram will not 
hold good, as the northern winter is the sonthem summer, 
and so on; moreover, if we could look upon our Earth's 
orbit from the other side, the direction of the motions 
would be reversed. The pupil should construct a diagram 
for the southern hemisphere for himself. 

186, The Change of Seasons. — The changes to which 
we inhabitants of the temperate zones are accustomed, the 
heat of summer, the cold of winter, the medium tempei-a- 
tures of spring and autumn, depend simply upon the 
lieight which the Snn attains at mid-day — for the more 
nearly perpendicular the Sun's rays are, the more heat 
does the Earth absorb from them. This is proved by the 

184. HowloDB ore thedajBanduiglitBat IhepolBBt At tho equator J In whnt 
lalltnile ie the leujjth of the longest duy 15 hooref Twenty lionrsf Oiio 
nmnlh! Threeinoiiths? 186. Onwhatdo theehBEgosofBeaeonln tliu temperate 
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facts that on the eqnator the Suu is never far from, the 
zenith — that is, the point directly overhead — and we have 
perpetual Bummer: near the poles, the San never gets 
very high, and we have perpetually the cold of winter. 
How, then, are the changing seasons in the temperate 
zones caused ? 

187. In Pig. 41 we were supposed to he loolcing down 
upon our system. We will now take a section from 
solstice to solstice through the Sun, in order that we may 
have a side view of It. Here, then, in Fig. 42, we have 
the Earth in two positions, and the Sun in the middle. 




On the left we have the Earth at the winter solstice, when 
the axis of rotation is inclined away from the Sun to tho 
greatest possible extent. On the right we have it at the 
summer solstice, when the axis of rotation la inclined 
toward the Sun to the greatest possible extent. The line 
ffl 6 in both represents a parallel of latitude in the north 
temperate zone. The dotted line from the centre through 
5 in the figure on the left, and through a in that on the 
right, shows tho direction of the zenith — the direction in 
which our body points when we stand upright. We see 
that -this line forms a larger angle with the line leading to 
the Sun — that is, the two lines open out wider — at the 
winter, than they do at the summer, solstice. Hence in 
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the latitude indicated the Sun is seen in winter at noon, 
low down, far from the zenith, wliile in summer it is 
nearly overhead. 

The pupil should now make a similar diagram, to 
represent the position of the Sun at the equinoxes ; he will 
find that the axis is not then inclined either to or fi-om 
the Sun, but sideways, — the result being that the Sun 
itself is seen at the same distance from the point overhead 
in spring and autumn. Hence the temperature is nearly 
the same, though Nature apparently worlcs very differently 
at these two seasons ; in one we have seed-time, in the 
other the fall of the leaf. 




(Noon at LondoD). 

5 the Sun's action on the Earth, in giving 
rise to the seasons, may be made clearer by inquiring how 
the Earth is presented to the Sun at the four seasons — 
that is, how the Earth would be seen by an observer at 

Wliat flo FIgB. 4S sua 44 n 
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the Sun. First, then, for sunimor and winter. Figa. 43 
and 44 represent tlie Eai-th as it would be seen from the 
Sun at noon in London, at the summer and winter solstices. 
In the former, England is seen well down toward the 
centre of the disk, where the Sun is vertical, or overhead ; 
its rays are therefore most felt, and summer prevaOs, In 
the latter, England is near the northern edge of the disk. 




Fib. M.— Thb Ei 



and farthest from the region where the Sun is overhead ; 
the Sun's rays are consequently feeble, and winter reigns. 
189. In Figs. 43 and 46, representing the Earth at the 
two equinoxes, we see that the position of England, with 
regard to the centre of the disk, is the same—the only 
difference being that in the two figures the Earth^s axis is 
inchned in different directions. Hence, there is no differ- 
ence of temperature at these periods. 

' 189. Wbat dn Flge. 45 
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190. Figa, 43, 44, 4S, and 46, all represent London on 
the meridian which passea through the centre of the 
illuminated side of the Earth. It must therefore be noon 
at that plaee, as noon ia half-way between sunrise and 
Bunsot. All the places represented ou the western border 
have the Sun rising upon them; all the places on the 
eastern border haye the Sun setting. As, therefore, at 
the same moment of absolute time wo have the Sun rising 
at some places, overhead at others, and setting at others, 
we cannot have the same time, as measured by the Sun, 
at all places alike. 

191. rifference of Time and Loi^itude. — ^In fact, as 
the Earth, whose circumference is divided into 360°, turns 
round once in twenty-four houi-s, the Sun appears to travel 
one twenty-fourth of 360°, or 15°, in one hour, from east to 
west. One decree of longitude-, therefore, makes a differ- 



it places 1 191. Wliat 
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ence of four minutes of time, and vice versa, — the more 
easterly longitude having the later time. 

The difiference of loi^itncle between f?'ew York and london being 
af>out 74°, tlie difference of time is i timea 74 minutes, or 4ii. Ci6m. — the 
time of London being later, beoauae, being enat of New York, the Sun 
comes sooner to ita meridian. When, therefore, it Is noon at New York, 
it ia B6 minutes past i p. m. at London. 

When it ia noon at San Fcanoisco, it ia about 5 mtaatea after 3 p. m. 
at Philadelphia ; required, their difTerenpe of longitude Then difference 
of time being 3h. Rm., or IS6 mmutes, their diSeienoe of longitude will 
be aa many times 1° aa 4 minutes are contained tunLa m ISd minutes, 
or 46i°. 

B; this easy proci^a naTigators determine their longitude at sea. 
Taking with them a chionometer {an accuiate watch) act atcording to the 
time of a giTen place (ae, Greenwich or Waahingtoa), thej asecrlain the 
local time by obserring with the scitant when the aun ia at its bigh- 



■ Why la 



■ Of two ploecs in differc 



I lonsltndes. which has the 
1 5B mAnntea pact 4 p. m. at 
Loudon; what ill their liifferanca of longltmlef The difference of longitude be- 
tween San FranciBoo and Pliiladelphia telng about 4G"^°, when it la noon nt 
Philadelphia wliat time ie it at San Frandeoo ? How do navlgatorB determine 
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est point ; it is then noon, Kedueing the difference of time ta difference 
of longitude, as abOTe, they find that tbej ore so many degrees east or 
west of the meridian of the place for which their chronometer is set, 

192. StraotuXG of tie Earth. — Having said so much of 
the motiotiB of our Earth, let us now turn to its structure, 
or physical constitution. 

We are all acquainted with the present appearance of 
our globe ; we know that its surface is here land, there 
water ; and that the laud is, for the most part, covered 
with soil which permits of vegetation, varying according 
to the climate; while in some places meadows and wood- 
clad slopes give way to rugged mountains, which rear 
their bare or ice-clad peaks to heaven. 

The first question that arises is, Was the Earth always 
as it is at present ? The answer given by Geology and 
Physical Geography is, that the Earth was not always as 
we now see it, and that changes have been going on for 
millions of years, and are going on stilL 

193. The Earth's Crust. — It has been found that what 
is called the Earth's crust — ^that is, the outside of the 
Earth, as the peel is the outside of an orange — is composed 
of various rocks of different kinds and ages, all of them, 
however, belonging to two great classes : — 

Class I, Rocks that have been deposited by water : these 
are called Stratified or Sedimentary Rocks, 

Class XL Rocks that once were molten: these are called 
Igneous Rocks, 

194. Stratified Rooks. — The stratified rocks have not 
always existed, for when we come to examine them closely 
it is found that they are piled one upon another in succes- 
sive layers, as shown at the right of Fig, 48 below — the 
newer rocks lying on the older ones. The order in which 
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these rocks liave been deposited, beginning with the up- 
permost, or those of hitcat formation, is as follows : — 



Cainozoic, or Tertiaiy ; 



Meaozoio, or Secondary : J 5,0^™ 



Upper 

Lower 

{Upper 



( Alluvittm. 
\ Drift. 
( Crag. 



Palicozoic, or Primary ; 



I Upper 



Lower 



Cretaceons. 
( Oolite. 
4 Lias, 
(Tri^. 

( Permian. 

■J Carboniferous. 

( Devonian. 

Silurian. 

Cambrian, 

Laurentian. 



ig;. That these beds have been deposited by water, 
and principally by the sea, is proved by two facts : First, 
that in their formation they resemble the beds being de- 
posited by water at 
the present time, 
Secondly, that they 
nearly all contain the 1 
remains of fishes, rep 
tiles, and shell-h'-h, t 
in great abundance — ! 
indeed, some of the t 
beds are composed f 
almost ontii-cly of 1 
the remains of am 
mal life. 

Such remains be- 
ing dug out of the E^rth lie called Fosiils (from the Latin 

of the slraUflcd rocka In order, beginning with the Meet. 196. How Is it proved 
that these rocka have been depoaited hy water! What other name haa heeo 
SlveatoUieBtnitified or eedlmeataryroeksT Why? What are Fosailst 196. 
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fossiUs, dug). From their containing fossils, the stratified 
rocks have been called FoBBiliferous. 

1 96. It must not te supposed that the stratified rocks of 
which we have spoken, are everywhere met with as they 
are shown in the table. Each bed could have been depos- 
ited only on those parts of the Earth's crust which were 
under water at the time ; and since the e^riic^t pcnod of 
the Earth's history, volcanic action, eaithquiLes, and 
changes of level have been at work, as they iie now — and 
much more effectively, either because the chm^ea were 
more decided and sudden, or because they extendid o\er 
immense periods of time. 

It is found, indeed, that the stratified rocks have been 
upheaved and worn away again, bent and twisted to an 
enormous extent. Instead of being horizontal, is they 
must have been when they were ongmalty formed at th(. 
bottom of the sea, they are now found m some cises tilted, 
as at the left of Fig. 48, and in othei'f bent mto megulir 
curves, ^ in Fig. 49. 




Had this not been the case the rmneral iichea of the 
Earth would forever have been out of oui reach, and the 
surface of the Eai'th would have been a monotonous plain 
As it is, although it has been estimated that the thickness 
of the series of stratified rocks, if found complete in any 

What Las interfered, in placce, with tho original arrangement of tlio stratified 
rocliB! Howare tliojBoraetiineB found! Wbat would be tlie tMckness of the 
EtrHtifled rocks. If complete in one loculitj i What do we And with respect to 
«Hch member Of the Beriesr Wbatadvoutege resulteflumtlifBtiUbig? IST.How 
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one locality, would be 14 miles, each member of the series 
is found at the surface at some place or other. 

197. ^iieous Bocks. — The whole series of sedimentary 
rocks, from the most ancient to the most modem, have 
been disturbed by eruptions of volcanic materials, similar 
to those thi-own up by Vesuvius and other volcanoes ac- 
tive in our own time, and intrasions of rocks of igneous 
origin from below. Of these igneous rocks, gi-anite, which 
in consequence of its great hardness is largely used for 
paving and macadamizing, may here be taken aa an exam- 
ple. Th^e rocks are easily distinguishable from those of 
the first class, as they have no appearance of stratification 
and contain no fossils ; their constituents are difEorent and 
are irregularly distributed throughout the mass. 

If we strip the Earth, then, in imagination, of the sedi- 
mentary rocks, we come to a kernel of rock, the constitu- 
ents of which it ia impossible to determine. It may, how- 
ever, be supposed to be analogous to the older rocks of 
the granitic series, and to have been part of the original 
molten sphere, which must have been both hot and lumi- 
nous, in the same way that molten iron is both hot and 
luminous. Doubtless there was a time when the surface 
of our .Earth was as hot and luminous as the surfaces of 
the Sun and stars are still, 

198. The Interior of the Earth. — How, suppose we 
have a red-hot cannon-ball; what happens? The ball 
gradually parts with, or radiates away, its heat, and as it 
cools it ceases to give out light ; but its centre remains 
hot long after the surface in contact with the air has 
cooled. 

So precisely has it been with our EartK Wo have 
numerous proofe that the interior of the Earth is at a high 

taTB the whole serlag of Btratifled rocks been (Ilatnrhed T What mny he (alien »b 
an Piample qf the Igneous KocUst How are the Igueoua rocks (llstLngiiJsliahle 
from the aedlmentai^yr If we conld aWip the Earth of the eedtoentaiy rocks, 
whnt sbonJd we come to! What was once donbtlese the case respecting the 
Bmh'aaariaoef 188. Wliat is the comJiaon of the interior of the BarUi ! What 
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temperature at present, although its surface has cooled 
down. Our deepest mines are so hot that, witliout a per- 
petual current of cold fresh aii", it would be impossible for 
the miners to live in them. The water brought up in 
artesian wells is found to increase in temperature 1 degree 
for from 50 to 55 feet of depth. Again, there aro hot 
springs coming from great depths, the water of which is, 
in some cases, at the boiling-point — that is, 212° of Fahr- 
enheit's thermometer. In the hot lava emitted from vol- 
canoes we have further evidence of this interior heat, and 
that it is independent of the temperature at the surface; 
for among the most active volcanoes with which we are 
acquainted, are Hecla in Iceland, and Mount Erebus in the 
midst of the icy deserts which suiTOund the south pole. 

igg. It has been calculated that the temperature of 
the Earth increases as we descend at the rate of 1° Fahren- 
heit in a, little over 50 feet. We ehall therefore have a 
temperature of 

Fnhr. Milca. 

212° or the temperature of ) ^ t ^i j> i_ ^ „ 
, .,. "^^ ^ at a depth of about 2 

boiling water • • 1 

V50° or the temperature of ( « « ,-i 

red-hot iron ■ . . ) 

1,850° or the temperature of 1 „ „ , „ 

melted glass . . . ( 

2,700° or the temperature i 

which everything^ 

are acquiunted with \ 

would be in a state | 

of fusion , , . 

zoo. If this be so, then the Earth's crust cannot exceed 

28 miles in thickness — ^that is to say, the f^tii part of 
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iveweof the interior heat ? 199. What is tio rale of 


incroaBO of 




, as we deseend lielow the Barth's eiirrsce J At wliat . 


aepth would 




temperala™ of boiling water! The temperature of n 


D3-hot iron > 
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ratnre wonid we have st tHe flepUi of 18 miles ! At the 




mneBf 200. 
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the radius ; so that it is comparable to tlie shell of an egg. 
But this question is one on which there is ranch diffei-eiice 
of opinion, some philosophers holding that the liquid 
matter is not continuous to the centre, but becomes solid 
under the great pressure of the matter above. Indeed, 
evidence has recently been brought forward to show that 
the Earth may be a solid or nearly solid globe from 
surface to centre. 

zoi. Density of the Earth's Crust. — The density of the 
Eai-th's crust is only about half of the mean density of the 
Earth taken as a whole. This has been accounted for by 
supposing that the materials of which it is composed are 
made denser at great depths than at the surface, by the 
enormous pressure of the overlying mass ; but there are 
strong reasons for believing that the central portions are 
made up of much denser bodies than are common at the 
surface, — such as metals and the metaliio compounds. 

202. Th6 Flattening at the Poles explained. — It was 
prior to tjic solidification of its crust, and while the surfiice 
■was in a soft or fluid condition, that the Earth put on ita 
present flattened shape, the flattening being due to a 
bulging out at the equator, caused 
by the Earth's rotation. If -n 
arrange a thin flexible hoop, i 
shown in Fig. 50, so that the 
upper part of it may move freely I 
up and down on an axis, and then 
make it revolve 
very rapidly, 
it will assume 
an oval form, 
bulging out at 
those parts which are farthest from the axis, the motion 
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being there most rapid, juat as the Earth doea at tlie 
equator. 

Z03, The form of the Earth, moreover, is exactly that 
which any fluid mass would tate under the same circum- 
stances. This haa heen proved by placing a quantity of 
oil in a transparent liquid of exactly the same density as 
the oil. Aa long as the oil was at rest, it took the form of 
a perfect sphere floating in the middle of the fluid, exactly 
as the Earth floats in space ; but the moment a slow 
rotary motion was given to the oil by meana of a piece of 
wire forced through it, the spherical form was changed 
into a spheroidal one, like that of the Earth. 

204. Thus the tales told by geology, the still heated 
state of the interior, and the shape of the Earth, agree ; 
they all show that long ago the sphere was intensely 
heated and fluid. 

Z05. The Earth's Atmosphere. — We now pass to the 
atmosphere, which may be likened to a groat ocean, covei> 
ing the Earth to a height not yet exactly determined. 
This height is generally supposed to be 45 or 50 miles, 
but there is evidence to show that we have an atmosphere 
of some kind at a height of 400 or 500 miles. 

zo5. The atmosphere is the home of the winds and 
clouds, and it is with these eapecially that wc have to do, 
in order to understand the appearances presented by the 
atmospheres of other planets. Although in any one place 
there seems to be no order in the production of winds and 
clouds, on the Earth considered as a whole there is the 
greatest regularity. The Sun's heat and the Earth's rota- 
tion on its axis are, in the main, the causes of all atmos- 
pheric disturbances, 

Big. to. a03. What experiment, TjearlnK on this flatWnlng at the poles, has boon 
mitdewjthoilf SM. What ia Uieooneliiaion drawn respecting the con diOon of 
ttiB Earth long ago! SOB. To what may the atmosphere 01 the Earth be likened t 
How high doea It SKlfindJ SOS. Of what le the atmospherethe homef la there 
any rognlarity in the production or wiiida and ciouda t Wliat are the principal 
causea oC uUnoaphcric di»turbancc>j ! SOT. An rui;ard« caluix and winds, ioto 
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207. Belts of Calms and WindB. — If we examine a map 
showing tlie movements and conditions of the atmosphere, 
■we shall fmd, encii-cling the Earth along the equator, a 
belt of Egxtatonal Calms. North of this we have the 
belt of Traderwinda, which blow from the north-east ; on 
the south we have a similar belt whei-e the prevailing 
winds are south-east. 

Going from these belts toward the poles, we have on 
the north and south respectively the Calms of Cancer 
and the Cahns of Gaprioom. Still farther toward the 
Poles, we find the Anti-trades, blowing in the northern 
hemisphere from the south-west, and in the southern hemi- 
sphere from the north-west. At the poles there is a region 
of Folat I 

^ 208 Now, how are the winds just 

mentioned -let in motion ? The equar 
\ ti',^S^ tonal legions are the part of the 

^■W^^^ Eirth which is most heated; conse- 

quently the air there becomes rarefied 
and ascends, and a surface-wind seta 
in toward the equator on both sides 
to hll Its pHce: these are the trade- 
wmds The air thus wafted toward 
the equator is soon itself heated and 
Is, and accumulating in the 
higher regions flows as an upper cur- 
" rent toward either pole. Thus are 
produced the anti-trades referred to 
above, which in the regions beyond the calms of Cancer 
and Capricorn descend to the Earth's sur&ce. The equar 
torial belt (some 5" wide) in which the heated air is con- 
stanJly^.aScending, is remarkable for daily raine, often 
accompanied with thunder and hghtning. 



do wa find the Earth's aurfiice divided f 803. How ate the 
trafle-mlnda produced r How, the antUradea f For whot ta the eqnntorial helt 
remarkable ? SOU. What makea Uib trude-wlode deviate la dirBctiou from due 
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Z09. If the Earth did not turn on its axis, we should 
still have the trade-winds, but they would hlow due north 
and south from the poles to the equator. Their direction 
is modified hy the Earth's rotation. Coming from higher 
latitudes with the less rapid rotary motion which there 
belongs to the Earth's surface, to the equatorial regions 
which have a more rapid motion, the Earth, as it were, 
slips from under them toward the cast; and the winds, 
lagging behind, though really themselves also moving 
eastward, appear to come from, the east, fornoing north- 
east winds north of the equator, and south-east winds 
Bouth of it. 

In like manner, the anti-trades, endowed with the 
more rapid rotary motion of the equator, as they go 
toward the poles, amve at regions where the rotaiy 
motion is less rapid. The Earth's surface, therefore, now 
lags behind, and the winds appear to blow, as they really 
do, toward the east, forming south-west winds in the 
northern hemisphere, and north-west winds in the southern, 

310. It is the Snn, therefore, that sets all this atmos- 
pheric machinery in motion, by heating the equatorial 
regions of the Earth ; and as the Sun changes its position 
with regard to the equator, crossing it twice in the course 
of the year, so do -the calm-belt and trade-winds. The 
belt of equatorial calms follows the Sun northward from 
January to July, when it reaches 23^° N. lat., and then 
retreats, till at the next January it is in 23^° 8. lat. 

211. Clouds, Bain, Snow, HaiL — To the radiation from 
the Earth, combined with the fact that more or less 
watery vapor, or moisture, is always present in the air, 
must be ascribed the formation of mist and clouds, and 
the precipitation of rain, snow, and hail. The amount of 

does the Earth's rotation affect the antl-tradeB? 210. How, and why, do the 
Bciuotorial calm-ljelt and the trade-windn cliflnge their poaition? ail. To what 
areialst,c1oad,ialii,etc.,duBt Explain how duuds and luln are formed. Ud- 
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moistare that the air can hold varies with its temperature ; 
the warmer the air, the greater is its capacity for moisture. 
Hence, when air heavily charged, with moiatvire derived 
hy evaporation from, the water-surfaces of the earth is 
chilled by a cold wind or contact with a mountain-side, 
its moietttre is condensed into clouds or mist, and rain, 
snow, or hail, is fonned. On the other hand, if a cloudy 
atmosphere ia heated hy the direct action of the Sun or 
ty a current of wann air, its capacity for moisture is 
increased, and the clouds disappear. 

z 1 z. Chemical Elements of the Earth. — Wc now come 
to the materials of which the Earth, including its atmos- 
phere, is composed. These are 64 in number, and are 
called the Chemical Elements. They consist of 
Non-metallic f Nitrogen, oxygen, hydrogen, chlorine, 
eleineiits, J bromine,iodiiie,fluorine,8ilicon, boron, 
or I carbon, sulphur, selenium, tellurium, 

Metalloids. I phosphorus, arsenic 



I Metals of the alkalies:— 
sodium, cjesium, rubidium, lithium. 
Metals of the alkaline earths ; — Cal- 
cium, strontium, barium. 
Other metals: — Aluminum, zinc, iron, 
tin, tungsten, lead, silver, gold, etc. 
Of these 64 elements, combined with each other for the 
most part in various ways, the Earth and every object that 
wo see ai»und us are composed. 

213, The elements which constitute the great mass of 
the Earth's erast are comparatively few — aluminum, cal- 
cium, carbon, chlorine, hydrogen, magnesium, oxygen, 
potassium, silicon, sodium, sulphur. Oxygen combines 

t ia meant IjJlTic Chem- 
IsBaeBOrathejfllviaedt 
! the metallic elemente 
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with Biany of these elementa, and especially with the 
earthy and alkaline metals; indeed, about one-half of the 
Earth's crust is composed of oxygen in a state of com- 
bination. Thus sandstone, the most common sedimentary 
rock, is composed of silica, which is a compound of silicon 
and oxygen, and is half made up of the latter ; granite, a 
common igneous rock, composed of quartz, felspar, and 
mica, is nearly half made up of oxygen in a state of com- 
bination in those substances, 

214. Compoaition of the Air. — The chemical composi- 
tion, by weight, of 100 parts of the atmosphere at present 
is as follows: — Nitrogen, 11 parts; Oxygen, 23 parts. 
Besides these two main constituents, we have 

Carbonic acid, , quantity variable with the locality. 

Aqueous vapor, . quantity variable with the tempera- 
ture and humidity. 

We said at present, because, when the Earth was 
molten, the atmosphere must have been very different. 
We had, let us imagine, close to the still glowing crust — 
consisting perhaps of acid silicates — a dense vapor, com- 
posed of compounds of the materials of the crust which 
were volatile only at a high temperature ; the vapor of 
chloride of sodium, or common salt, would be present in 
large quantities ; above this, a zone of carbonic acid gas ; 
above this again a zone of aqueous vapor, in the form of 
steam; and lastly, the nitrogen and oxygen. 

As the cooling went on, the lowest zone, composed of 
the vapor of salt and other chlorides, would be condensed 
on the crust, covering it with a layer of these substances 
in a solid state. Then it would be the turn of the steam 
to condense, and form water; this would fall on the layer 

great raasa of tlie Earth's crnst f Of these, which enters moat largely into the 
compooition of maltor f Of what is eandBtone composed ( Of what, granilo 1 
'M. WliBtisalpresantthachemicaleompoaitlonoflhoairf Give a« account of 
the utmoapherc, when the Bnrth was molteO' As the coohng went on. what 
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of salt, and dissolving it would form in time the ocean 
and seas, which would consequently be salt from tho first 
moment of their appearance. Then, in additioti to the 
nitrogen and oxygen which still remain, we should have 
the carbonic acid; this, in the course of long ages, waa 
used up by its carbon going to foi-m a luxurious vegeta- 
tion, the remains of which are still to be seen in the coal 
that warms us and does nearly all owr work, 

215. It is the presence of vapor in our lower atmos- 
phere that renders life possible. When the surface of the 
Earth was hot enough to prevent the formation of the 
seas, as the water would be turned into steam again the 
instant it touched the surface, there could be no life. 
Again, if ever the surface of the Earth be cold enough to 
freeze all the water and all the gaseous vapor in the atmos- 
phere, life — as we have it — would be equally impossible. 

2 1 6, The Nebular Hypothesis, before alluded to, here 
comes in and teaches that, prior to the Earth's being in a 
fluid state, it existed as pait of a vast nebula, the parent 
of the Solar System ; that this nebula gradually contracted 
and condensed, throwing off the planets one by one, some 
of which in turn threw off satellites ; and that its central 
portion, condensed perhaps to the fluid state, exists at 
present as the glorious heat-giving Sun. 

Although, therefore, we know that stars give out light 
because they are white-hot bodies, and that planets are 
not self-luminous because they are comparatively cold, we 
must not suppose that the planets were always cold, or 
that the stai's will always be white-hot. There is good 
reason for supposing that ail the planets were once white- 
hot, and gave out light as the Sun does now. 

cbanges look place! What became of the carbonic acid ? 215. To wbat Is the 

conia there be no lifer 316. What does the nebular liypotheBls teach reBpecting 
the fnmer conditioQ of tiio Earth? WMtmuet we not eapptne with regard to 
tha planets and the slara ! What is there good reason to Bnppose respecting Iho 
planBls! 
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OIIArTER VI. 
THS MOON. 

217. Size. — The Moon, as already stated, is one of tho 
satellites, or secondary bodies ; and, althougli it appears to 
us at night to be infinitely larger than the fixed stars and 
planets, it is a little body bat 2,153 miles in diameter. So 
small is it that 49 moons woald bo required to mate one 
Earth, 1,260,000 earths being required, as we have seen, 
to mate one Sun. 

2 18. Distajice from the Earth. — The apparent size of 
the Moon, then, must be due to its nearness. This we find 
to be the case. The Moon revolves round the Earth in an 
elliptical orbit, having the Earth at one of its foci, at an 
average distance of only 238,793 miles, which is equal to 
about 10 times round our planet. As the Moon's orbit is 
elliptical, she is sometimes nearer to us than at othei-s. 
The greatest and least distances are 251,047 and 225,719 
miles; the difference is 26,228 miles. When nearest us, 
of course she appears larger than at other times, and is 
8twd to be in perigee (irtpt, near, and y^, the Earth) ; when 
most distant, she is said to be in apogee {kuo^from., and 
■yj], the Earth). 

The Earth, by reitaon of its nearness, would of conree look irnich 
larger to an observer on the Moon than any other of the heavenly bod- 
ies. When Eeen at tbe full, iis disk ifOuld ibe as large aa 13 full moons 
united would look to hs. Bright Spota would mark the continentB, nud 
llie snow and ice about the poles ; dark spots would indicate the water- 
surfaces ; and variable ones, produced by the cloudy strata of the atmos- 
phere, would at times be diatinguishablo. 

SIT. To wliat clflsa of beayenly bodies does the Moon belong? What ia its 
Pizet What fslta alza, as compared with the Eartb ana Bun? SIB. Why does 
thoMoou lookeokrge tons? What ia tbu shape of its orbit! When Is l.ho 
MoOnBftidtobeinperjfrte? VfHea, in apogee f What is Its mean aistance from 
tbe Earth C What appearance would the Earth present to obeeriere ou the 
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z 1 g. Period of Revolution. — Tlie Moon travels round 
the Earth in a period of 27d. 7h. 43m. ll|a. She reijuirea 
moro time to complete a revolution with respect to the 
Sun, which is called a Lunar Month, Lunation, or Synodic 
Period. 

Z20. Librationa. — The Moon, like the planets and the 
"Sun, rotates on an axis ; bnt there is this peculiarity in the 
case of the Moon, that her rotation and revolution round 
the Earth are performed ia equal times. Hence we see only 
one side of onr satellite. B\it, as the Moon's axis is in- 
clined 1" 32' to the plane jf its orbit, we sometimes seo 
the region round one pole, and sometimes the region round 
the other. This is termad JJibratton in laiitude. 

There is also a JJibratton in longitude, arising from the 
fact that, though its rotation is nniform, its rate of motion 
round the Earth varies, so that we sometimes see more of 
the western edge, and sometimes more of the eastern. 
We have, moreover, a daily Libration, due to the Earth's 
rotation, carrying the observer to the right or left of a line 
joining the centres of the Earth and Moon. When on 
the right, or west, of this line, we should of course see 
more of the western edge of the Moon ; when to the left, 
in the caso of an eastern position, we should see more of 
the eastern edge. 

By reason of these librations, instead of half the Moon's 
surface remaining constantly invisible, we see at one time 
or another about four-sevenths of its surfece. 

321, Nodes. — The plane in which the Moon performs 
her journey round the Eai-th is inclined b" to the plane of 

Moon, If there were any 1 919. What Is the petiod of the Monn'B roTolntloii ( 
WhaHa a Lunation 1 saO. How flofia the time of Sie Moon's rotation com|>are 
with that of berrevolnttont What tollowB ! What la meant hy the Moon's Li- 
bration in Latitude ? What, hj Libration In LoDsitudet What other ilbtatlon 
is there! By TeiHOnof these !ihratloaa. liow mnch of the Moon'e BUrEkceisaC 
one time or another Tiaiblef ^1. What itngle dn the plane of the Moon'a orbit 
anrttliepianeof thaacliplicfhrmt What ore the Nodaaf By ivMt nnmes ure 
the Dodca dietingnlahed? SaS. What renders Uie motion of the Moon compll- 
Ctttedf To wlialis Ita path round the Sun compared! Wliatta aald ot the dayi- 



, Google 



THE MOON'S ORBIT. 



115 



, the ecliptic, in which the Earth pcrfoiins her 
'' journey round the Sun (Art. III). The two 
points in which the orbit of the Moon or 
iny other celestial body intereects the Earth's 
orbit, are called the Nodes — that at which the 
body passes to the north of the ecliptic being 
distinguished as the Ascending Kode, the other 
as the Descending Node. The line joining 
these two points is called the Line of Nodes, 

222. The Moon's Orbit. — The Moon revolves 
round the Earth in an ellipse which has the 
Earth at one of its foci ; but, while this revolu- 
tion is going on, the Earth also is moving, in an 
elliptical orbit which has the Sun at one of its 
foci. Hence (leaving out of view the fa«t that 
the Sun also has a motion in which it is ao- 
eompanied by both Earth and Moon) the mo- 
tion of the Moon is quite complicated. We 
may get an idea of its path round the Sun, if 
we imagine a wheel going along a road to have 
a pencil fixed to one of its spokes, so as to 
leave a trace on a wall : such a trace would 
consist of a series of curves with their concave 
sides downward, and such is the Moon's path 
with regard to the Sun. 

The total departure of the Moon from the 
Earth's orbit, however, does not exceed -^ of 
the radius of the Earth's orbit; so that, unless 
drawn on a very large scale, the orbit of the 
Moon would appear to be identical with that 
of the Earth. In Fig. 52 the dotted line repre- 
sents the Earth's orbit; the continuous line, 
the Moon's. 

223, Earth-shine. — Besides the bright por- 

atlon or tUe Moon's patb rrom that of the Earth I 293. Wlint Is meuit 117 EwUi- 



,v Google 



H6 THE MOON. 

tion lit up by the Bun, we sometimes see, in the phases 
■which immediately precede and follow the New Moon, 
that the obecm-e part is faintly visible. This appearance 
is called the Earth-shine, and is due to that portion of 
the Moon i-eflecting to ue the light it receives from the 
Earth. When this faint light is visible — when the " Old 
Moon " is seen " in the New Moon's arms " — the portion 
lit up by the Sun seems to belong to a larger moon than 
the other. This is an effect of what is called irradiation, 
and is explained by the fact that a bright object makes a 
stronger impression on the eye than a dim one, and ap- 
pears larger the brighter it is. 

224. The Moon's light. — The average of four estimates 
gives the Moon's light as ^ ^ , J ^ ^ ^ "f that of the Sun ; so we 
should want 647,513 full moons to give as much light as 
the Sun does. Now, there wonld not be room for so many 
in the half of the sky which is visible to us, as the full 
Moon covers ^itt'ot of it ; hence it follows that the light 
from a sky full of moons would not be so bright as sun- 
shine. 

225. Apparent Difference of Size. — ^At rising or setting, 
the Moon sometimes appears to be larger than it docs 
when high np in the sky. This is a delusion, and the re- 
Terse of what we should expect ; for, as the Earth is a 
sphere, we are really nearer the Moon by half the Eai-th's 
diameter when the part of the Earth on which we stand 
is beneath it than we are at moonrise or moonset, when 
we are situated, as it were, on the aide of the Earth, half- 
way between the two points nearest to and most distant 
from the Moon. Let the student draw a diagram, and 
reason this out. 

The larger appearance of the disk near the horizon is 
due simply to an error of judgment. It there seems placed 

Bhine, and how ta itprodncedf WTiiit (liffcrcace of size ie noliccnble. and how 
is it explainea; £34, How doei the Moon's Vtght, compare ia brightnosB wHh 
the Sun'B? aaS. WLendoes me Moon appear lacgesti WLy Iglliis IJie revurso 
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beyond all tlie objects on the Earth's swrtaee near the line 
along which we look, and therefore appears to he more 
distant than when it is overhead where there is no object 
near the line of view. Now, as It retains the same dimen- 
sions, and seems in the one case to be farther off than in 
the other, we intuitively endow it with a greater magni- 
tude in the situation which is apparently the most remote 
— and it appears to the eye accordingly. 

226, Telescopic Appeaxauce. — A powerful telescope will 
magnify an object 1,000 times ; that is to say, it will enable 
us to see it as if it were a thousand times nearer than it is. 
If the Moon were 1,000 times nearer, it would be about 
240 miles off; consequently astronomers can see the Moon 
as if it were situated at this comparatively small distance, 
and they have studied and mapped with considerable ac- 
curacy tlie whole of the surface of om- satellite which is 
turned toward us. 

227. With the naked eye we see that some parts of the 
Moon are much brighter than others; there ai-e dark 
patches, which, before large telescopes were in use, were 
thought to be oceans, gulfs, etc., and were so named. The 
telescope shows us that these dark markings are smooth 
plains, and that the bright ones are ranges of mountains 
and Mil country broken up in the most tremendous man- 
ner by volcanoes of all sizes. A further study convinces 
ns that the smooth plains are nothing but old searbottoms. 
In faet, once upon a time the Moon, like our Earth, was 
partly covered with water, and the land was broken up 
into hills and fertile valieys. 

As on the Earth we have volcanoes, so had the Moon, 
with the difference that the size, number, and activity of 
the lunar volcanoes were far beyond any thing we can 
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imagine. Several of the craters exceed 60 miles in diam- 
eter, and one of them even measures 114^ miles, — beside 
which that of Kilauea, in the Sandwich Islands, the largest 
terrestrial crater known (2^ miles in diameter), dwarfs 
into insignificance. 

2z8. The best way of seeing how the surface of our 
satellite is broken up in this manner, is to observe the (er- 
niinator — as the boundary between the bright and shaded 
portions is called. Along this line the mountain-peaks are 
lighted up, while the depressions are in shade ; and the 
shadows of the mountains are thrown the greatest distance 
on the illuminated portion. The heights of the mountains 
and depths of the craters have been measured by obseiT- 
ing the shadows in this manner, 

229. The Ciater-moantains and Raises of the Moon 
have been named after distinguished philosophei's, astron- 
omers, and travellers. Thirty-nine peaks have been found 
whose height exceeds that of Mont Blanc (15,870 feet), 
DOrfel is 26,691 feet high; the Eamparts of Newton, 
measured from the floor of the crater, are 23,853 feet high; 
Eratosthenes is 15,750 feet. These heights, it must be re- 
membered, are much greater as compared with the size 
of the planet than the same elevations would bo on the 
Earth's surface, as the Moon's diameter is but little more 
than one-fonrth of tho Earth's. 

230, The Crater Copemious, one of the most prominent 
objects in the Moon, is represented below. The details 
of the crater itself and of its immediate neighborhood re- 
veal to us unmistakable evidences of volcanic action. The 
floor of the crater is strewn over with rugged masses, 
while outside the crater-wall (which on the left-hand side 
casts a shadow on the floor, as the drawing was taken 

tobel What was once the case witli reepect to tie Moon f Deaeribo the lunar 
eratera. SSS. What ie the best waj of seeins how tho snrfnca of the Moon is 
broken np! 339. Alter whom have the crater-monntainB and ranges of the Moon 
been named? How mnnj peaks have been foobd hlghor than MonC Blancr 
Meutiou Bome lunar peaks, and tlieir belgbt. £30. Sescrlbe (he crater Coperal- 
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Tm LCBAR CuilEB COPI 



soon after eunrise at Copernicus, and tlie Sun ia to the left) 
many smaller craters are distinctly visiWe, those near the 
edge forming a regular line. Enormous unclosed cracks 
and chasms are also distinguishable. The depth of the 
crater-floor, from the top of the wall, is 11,300 feet; and 
the height of the wall above the general surface of the 
Moon is 2,650 feet. The irregularities in the top of the 
wall are well shown in the shadow. The scale of miles 
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attached to the drawing shows the enormous proportions 
of the crater. 

33 1. Walled Plains, and curious markings called Rilles, 
are interesting features on the Moon's surface. The 
diameter of the walled plain Schickard, near the south- 
east limh or edge of the Moon, is 133 niiles, Clavius and 
Grimaldl have diameters of 142 and 133 miles respectively. 

The rilles, of which 425 are now known, are trenches 
with raised sidea more or less steep. Besides the rilles, at 
full Moon, bright rays are seen, which seem to start fi-om 
the more prominent moimtains. Some of these rays are 
visible under all illuminations. Those emanating fi'om 
Tycho are different in their character from those emanating 
from Copei'nicus, while those from Proclua form a third 
class. 

Somewhat similar appearances have been pi-oduced on 
a glass globe by filling it with cold water, closing it up, 
and plunging it into warm water. This causes the en- 
closed cold water to expand very slowly, and the globe 
eventually burets, its weakest point giving way, foiraing 
a centre of radiating cracks similar to the fissures, if they 
be fissures, in the Moon. 

232. Absence of Water and Atmosphere.— As far as we 
know (with possibly one exception, which is not yet 
established) the volcanoes of the Moon are now all ex- 
tinct ; the oceans have disappeared, and no water exists 
on its surface ; the valleys are no longer fertile ; nay, the 
very atmosphere has apparently left our satellite, and that 
little celestial body which probably was once the scene of 
various forms of life now no longer supports them. 

The absence of water and atmosphere may be accounted 
for by supposing that, on account of the small mass of the 
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starting frnm the more prominent moantaina f How have 1 

been profluCBd p 238. What ia the proeent condition of the M 
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Moon, its original heat has all teen radiated into space. 
The cooling of its mass would be attended with conti-ac- 
tion, and the formation of vast caverns in the interior, 
which would communicate by fissures with the surface. 
In those internal receptacles the ocean may have been 
swallowed up, to such a depth that not even the fierce 
heat of the long lunar day can draw it forth in the form 
of vapor. The Moon, then, may be a pictm-e of what the 
Earth is destined to be — revolving round the Sun, an arid 
and lifeless wilderness — if ever its internal heat be wholly 
lost. 

233. We say that the Moon has no atmosphere; (1) 
because we never see any clouds there, and (2) because, 
when the Moon gets between ua and a star, the star dis- 
appears at once, and does not seem to linger on the edge, 
as it would do if there were an atmosphere. 

The lunar days must have a singular aspect. There 
being no atmosphere to diffuse the solar light, the fiery 
disk of the Sun stands out sharp and distinct against the 
background of the sky, everywhere else dark except 
where It is dotted with stars. There is no cloud, no wind, 
no twilight, no sound — ^but everywhere a silent and life- 
less desert. 

234. The Moon rotates on her axis, as we do, only 
more slowly ; hence the changes of day and night occur 
there as here. But instead of 24 hours, the Moon's day is 
29-^ of our days long ; so that each portion of the surface 
is in turn exposed to, and shielded from, the Sun for a 
fortnight. As there is no atmosphere either to shield the 
surface or to prevent radiation, it has been conjectured 
that the surface is, in turn, hotter than boiling water, and 
colder than any thing we have an idea of. 

maj the absence of water be nccountBd (br? 338. Whjiliuve ?aj that the Moon 
has no BtmoBphoref What pecniiatities mual the hinar days preaenti a34. 
nowloiiK la the Moon'a aay ! With what change of temperature muat the alter- 
nation of da; and ulght 1)$ attended f 335. What Is meaat hy the Fhaaf e of the 
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Z35. Phases of the Moon, — ^Let ub now explain what 
are called the Phases of the Moon, — that is, the different 
shapes this luminary assiunes. The Moon, hke tho Earth, 
gets all her light from the Sun, Now, it is clear that tho 
Sun can only light up that half of the Moon which is turned 
toward it ; it is equally clear that, if we were on the same 
side of the Moon as the Sun is, we should see the lit-up 
half— if we were on the other side, hcing opposite the 
dark half, we should see nothing at all of the Moon, Now, 
this is exactly what happens. 

In Fig. 53 we suppose the plane of the Moon's orbit to 
correspond with the plane of tlie ecliptic, and tho Sun to 




lie to the right ; the Moon's orhit is represented, and at 
its centre the Earth, the half turned toward the Sun being 
lighted up. When the Moon is at A, the illuminated side 
is away from the Earth, and we cannot see it ; this is the 
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position occupied by the Nho Moon — and practically we 
do not see the New Moon at all. Now let us take the 
Moon at B ; at this point we face the lit-np portion and 
see all of it. Now, this occurs at FuU Moon, when the 
Moon arrives at such a position in her orbit that the Sun, 
the Earth, and herself, are in the same line, the Moon 
lying outside, and not between the other two as at the 
time of New Moon. 

At C and D our satellite is represented midway be- 
tween these two positions. At C one-half of the lit-np 
Moon is visible — that half lying to the right, as seen from 
the Earth ; at 7> we see the illuminated portion lying to 
the left, looking from the Earth. These positions are 
those occupied by the Moon at the First Quarter and 
Last Quarter respectively. When the Moon is at E and 
F, we see but a small part of the illuminated portion, and 
have a crescent Moon, the convex side in both cases being 
turned to the Sun. At 0- and S the Moon is said to bo 
gibbous. 

236. We have, then, in succession, the following 
phizes : — 
Hew SEoon. The Moon is invisible to us, because the 
Sun is lighting up one side and we are on the 
other. 
Crescent SEoon. We begin to see a little of the illumi- 
nated portion, but the Moon is still so nearly in 
a line with the Sun, that we only catch, as it 
were, a glimpse of the bright side, and that for a 
short time after sunset. 
Firrt fluarter. As seen from the Moon, the Earth and 
Sun are at right angles to each other. When 
the Sun sets in the west, the Moon is south; 
hence the right-hand side of the Moon is illumi- 
nated. 

Bucceesive phases whilo tho Miwu la wailiig. Mention tUe pbasee preaantBd 
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Gibbous Dioon. The Moon is now more tlian half lighted 

up on the right-baiid side. 
Full Moon. The Earth is now between the Sun and 
Moon, and therefore the entire bright half of the 
Moon is visible. 
From Fnil Moon we return, throngh similar phases in 
reveraed order, to tbe New Moon, when the cycle recom- 
mences. So that, from New Moon the illuminated portion 
of our satellite waxes, or increases in size, till Full Moon, 
and then wanes, or diminishes, to the next New Moon; 
the illuminated portion, except at Full Moon, being 
separated from the dark one by a semi-ellipse, called, as 
we have seen (Art. 228), the Terminator, 



CHAPTER "VII, 
SOLIPSEia 

237. In explaining the phases of the Moon, as repre- 
sented in Fig. 53, we supposed the motion of this luminary 
to be performed in the plane of the ecliptic ; but, as stated 
in Art. 221, this is not the ease. If it were, every Full 
Moon would put out the Sun ; and as the Earth, like 
every body through which light cannot pass, casts a 
shadow, every New Moon would be hidden in that 
shadow. Such phenomena are called Eclipses, and they 
do happen sometimes; let us see under what circum- 
stances, 

338. Eclipses explaiaed. — One-half of the Moon's jour- 
ney is performed above the plane of the ecliptic, one-half 
below it ; hence at certain times — twice in each revolution 

wbDe Iha Moon is wauing. How is Uie illamluated portion separated ftom tha 
sa7. IT the Moon's ortilt lay In tbe plane of tbe ecliptic, ^bM would be tbe 
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Pio. 64,— Explanation of Solab and Lithai 



— the Moon is in that 
pline, at those parte 
ot It called the 
Wodes, Kow, if the 
Moon, when in either 
node, happens to be 
inlmeiviththeEarth 
and Sun, we have an 
echpse. If the Moon 
18 new, it is directly 
between the Earth 
and the Sun, and the 
bun IS eclipsed. If 
the Moon is full, the 
£•11 th is between it 
ind the Sun, and the 
Moon is eclipsed. 
Thi« will be made 
flear by the acoom- 
panjing diagram. 

In Fig. 54 we 
hive the Sun and 
the Earth, and the 
Maon in two posi- 
tions, A represent- 
irig it as newy and S 
as fvJl. The level 
of the page repre- 
sents the plane of 
the ecliptic. We 
suppose, in both 
ca^es, that the Moon 
IS at a node,— in the 
1 iaiie of the ecliptic, 
neither above nor 
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At A, the Moon stops the Snn'e light ; its shadow falls 
on a part of the Earth, and the people, therefore, who live 
on that part cannot see the Sun, because the Moon is in 
the way. Hence we have what is called an eclipse of the 
Sun. 

At £, the Moon is in the shadow of the Earth, and 
the Moon cannot receive any light from the Sun, because 
the Earth is in the way. Hence we have what is called 
an eclipse of the Jtfoon. 

239. It will be seen from the figure, that whereas the 
eclipse of the Moon by the shadow of the much larger 
Earth will be more or less visible to the whole side of the 
Earth turned away from the Sun, the shadow cast by the 
small Moon in a solar eclipse is, on the contrary, so limited 
that the eclipse is seen over a small area only, 

24a Umbra, and Penumbra. — In Fig. 64 two kinds of 
shadows are shown, one much darker than the other; the 
former is called the Umbra (a Latin word, meaning shad- 
ow), the latter the Penumbra {from the Latin peene, al- 
most, and uinbra, a shadow). If the Sun were a point of 
light merely, the shadow would be all umbra ; but it is bo 
large, that round the umbra, within which no part of the 
Sun is visible, there is a belt where a portion of it can be 
seen; hence we get a partial shadow, which constitutes 
the penumbra. This will be made clear if we take two 
candles to represent any two opposite edges of the Sun, 
place them rather near together, at equal distances from a 
wall, and observe the shadow they cast on the wall from 
any object; on either side the dark shadow thrown by 
both candles, will be a lighter shadow thrown only by one. 

241. Total Eclipse of the Hoon. — In a total eclipse of 

Bonaoquence t S3S. Wbat is meant by the Nodes; Under what cirouraatanceB 
do ecllpeeB Inks place f Explain the occnrrence of sdtpBea, with Fig. M. 339. 
How Oo eclipsea of the Moon and Snn cooipjire. aa regarda the srea over which 
they are respectiTeiy visible? a«). Wliat ia the diflbFence between tho nmbra. 
and the ponumbta ? How Ib the penombm prodncell How may ae fonnaUon 
of tbese Bhadowa in uu eellpee be UlaBtrnted T 341. Deacilbe Che several atepa 
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the Moon, as thig body travels from west to east, we first 
see its eastern side slightly dim as it enters the penumbra; 
this is the first contact with the penumbra, spoken of in 
almanacs. At length, when the umbra is reached, the 
eastern edge "beconaes almost invisible, and we have the 
first contact with the dark shadow. The circular shape 
of the Earth's shadow ia distinctly seen, and at last the 
Moon enters it entirely. Even then, however, the Moon's 
disk is scarcely ever wholly obscured ; the Sun's light ia 
bent by the Earth's atmosphere toward the Moon, and 
sometimes tinges it with a ruddy color. 

A total eclipse of the Moon may last about Ij hours. 
When the Moon emerges from the umbra we have the 
last contact with the dark shadow ; then follows the last 
contact with th^ penumbra, and the eclipse is over. 

242, Faitial Eclipse of the Koon. — If the Moon is very 
near, hut not exactly at, a node, we have only a partial 
eclipse of the Moon, the degree of eclipse depending upon 
the distance from the node. For instance, if the Moon is 
north of the node, the lower limb may enter the upper 
edge of the penumbra or umbra ; if south of the node, the 
upper portion may be obscured. 

243. Total Eclipse of the Son. — ^In a total eclipse of the 
Sun, the diameter of the shadow which falls on the Earth 
is never large, averaging about 150 miles. As the Moon, 
which throws the shadow, revolves from west to east in a 
month, while the Earth's surface, on which it falls, rotates 
from west to east in a day, the shadow travels more slowly 
than the surface, and so appears to sweep across it from 
east to west with great rapidity. The longest time an 
eclipse of the Sun can be total at any place is seven min- 
utes, and of course it is visible only at those places swept 

In a tola! sclipee of the Moon. Howlongmaysuch an eclipae Jast? a«. Under 
what circumstances liai'p we a paitla! eclipse of tlifl Moon! 343. Whftt Is the 
longest time an eclipse o( the Sancanhe total at naj place? Explain whyitle 
go short. What (bllows wilt resjiect to the nnmljer of total eclipses of the Snnf 
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by tlie shadow. Honcc, in any one place total eclipses of 
the Sun are very rare ; In London, for instance, prior to 
the total eclipse of 1715, no such phenomenon had been 
visible for a period of 575 years. 

244. Annular Eclipse of the Sun. — When the Moon in- 
tervenes between the Sun and the Earth at snch a distance 
from the latter as to make her apparent diameter less than 
the Sun's, a singular phenomenon is exhibited. The 
whole disk of the Sun is obscured except a narrow riiig 
around the outside, encircling the darkened centre. This 
is called an Annular Eclipse {from the Latin annulus, a 
ring). Such an eclipse is represented in Fig, 55. 



To esplain an Annular Eclipse fullj, we must gire a few figures. Aa 
both Sun and Moon are round, or nearly so, the shadovf from the Intlcc 
is round ; and as the Sun ie larger than the Moon, the ehadow ends In a 
point — its ehape ifi, in fact, that of a cone, oa shown in Fig, 6B. Now, 
the length of this cone varies with the Moon's distance from the Sun, 
being of course shortest when the Moon is nearest to that luminary. The 
length of the Moon's shadow is about as follows : — 

MilcB. 
When the Moon and Sun are nearest together, . , . 230,000 

" " " farthest apart 238,000 

But the distance between the Earth and Moon varies as follows ; — 
Miles. 
When the Mooo and Earth are nearest together, , , . 225,119 
" " " farthest apart, .... 261,9*7 

Hence, when the Moon is farthest from the Earth, or in apogee, the shad- 
ow thrown by the Moon is not long enough lo reach the Earth ; at such 
times the Moon looks smaller than the Sun, and, if she be at a node, we 
have an Annular Eclipse. 

245. Partial Eclipse of the Sun. — There may he Par- 
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tial Eclipses of the Sun, for the same reason that we have 
partial eclipses of the Moon, As the Moon is not exactly 
at the node, in the one case she ia not totally eclipsed, be- 
cause she does not pass quite into the shadow of tlie 
Earth ; and in the other, the Sun ia not totally eclipsed, 
because the Moon does not pass exactly between us and 
the Son. 

346. To measure the extent of a partial eclipse, the di- 
ameter of the Sun or Moon, as the case may be, is divided 
into 12 equal parts, called dibits, and the number of digits 
to which the greatest obscuration extends is stated. 
■ 2+7. BecTirrence of Eclipses, — The nodes of the Moon 
are not stationary, but move backward upon the Moon's 
orbit, a complete revolution taking place with regard to 
the Moon in 18 years 219 days, nearly. The Moon in her 
orbit, therefore, meets the same node again before she ar- 
rives at the same position with regard to the Sun, one 
period being 27 d. 5 h. 6 m,, called the Nodical Mevolution 
of the Moon ; and the other, 29 d. 12 h. 44 m., called the 
Synodical Mevolution of the Moon. The node is in the 
same position with regard to the Sun after an interval of 
346 d. 14 h. 62 m. This is called a Synodic Revolution of 
the Node. 

Now, it so happens that nineteen synodical revolutions 
of the node, after which period the Sun and node would bo 
alike situated, are equal to 323 synodical revolutions of the 
Moon, after which period the Sun and Moon would be 
alike situated. If, therefore, we have an eclipse .at the 
beginning of the period, we shall have one at the end of 
it, the Sun, Moon, and node having returned to their orig- 
inal positions ; and all the eclipses of the period (with an 

what circomBtances is a partial eclipse of tiie Stm prodnced? 846. How is tho 
extent of s. partial eclipse moaHurcd 9 311. WMt tnotlon \ut\e tho nodes of the 
Moon! WhatUmeaQtbythoNodioalBoFolutioQofthoMoont Whatiemennt 
by its Synodical Kevolutloo! What is the length o! each ot these perlorls? 
What is meant by the Syaodio BeTolutlon of a Bode f Bow long a periofl la 
leqaiiEd for this revolutiuu t Under what ciidUnetiuieeB does a tccniionce of 
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occasional exception) will recur in the same order and at 
about the same intervals as before. This period of 18 
years 11 days 7 hours 40 min. 38 sec, (or, if 5 leap-years 
occur in the 18 years, 10 days instead of 11), was known 
to the ancient Chaldeans and Greeks under the name of 
Saros, and by its means eclipses were predicted before as- 
tronomy had made much progress. 

Z4S. Fhenomena attendii^ a Total Eclipse of the Sun. — 
A total eclipse of the Sun is at once one of the grandest 
and most awe-inspiring sights it is possible for man to wit- 
ness. As the eclipse advances, but before the disk is 
wholly obscured, the sky grows of a dusky livid, or purple, 
or yellowish ci-imson, color, which gradually gets darker 
and darker, and the color appears to nin over large por- 
tions of the sky, irrespective of the clouds. The sea turns 
lurid red. This singular coloring and darkening of the 
landscape is quite unlike the approach of night, and gives 
rise to strange feelings of sadness. The Moon's shadow 
sweeps across the surface of the Earth, and is even seen in 
the air ; the rapidity of its motion and its intenseness pro- 
duce a feeling that something material is rushing over the 
Earth at a speed perfectly frigbtfiil. All sense of distance 
is lost; the faces of men assume a livid hue, flowers close, 
fowls hasten to roost, cocks crow, bii-ds flutter to the 
ground in fright, dogs whine, sheep collect together as if 
apprehending danger, horses and oxen lie down, obstinately 
resisting the whip and goad ; in a word, the whole animal 
world seems frightened out of its usual propriety. 

249. A few seconds before the commencem.ent of the 
totality, the stars burst out, and surrounding the dark 
Moon on all sides is seen a glorious halo, generally of a 
silver-white light ; this is called the CoroiLa^ It is slightly 
radiated in structure, and extends sometimes beyond the 

ecllpsea lake ploce? After how long i 
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Moon to a distance equal to our satellite's ■Jiameter. Be- 
sides this, raye of light, called A^rettes, diverge from the 
Moon's edge, and appear to bo shining throagh the light 
of the corona. In some eclipses, parts of the corona have 
reached to a much greater distance from the Moon's edge 
than in others. It is supposed that the corona is the Sun's 
atmosphere, which is not seen when the Bun itself is visi- 
ble, owing to the overpowering light of the latter. 

250 Sometimes I 
when the ad\anrmg I 
Moon his reduced | 
the Sun's disk to a 
thin creiccnt, or m 
the case of an annu- 
lar echpte to a mr- 
row ring, a peculni 1 
notched appearance I 




part of the nairow I 

strip, which mtkes I 

it look like 1 stiuig I 

of beads (see Fig 

B6). This phenome "Bailt'b Bbaub." 

non has been called " Eady's Eeids," from the astronomer 

Baily, who wis the first to describe it. It is supposed to 

he the efleot of irradiation 

251. When the totthty has eommonccd, close to the 
edge of the Moon, ind therefore within the corona, are 
observed ftntasticallj shaped masses, bright red fading 
into rose-pink, variously called £ed-flames and Bed-piomi- 
nenoes. Fig 57 shows this phenomenon, as exhibited in 
the total eehpse of 1860. Two of the most remarkable of 
these prominences hitherto noticed, were observed in the 
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eclipse of 1851 ; they were described by Mr. Dai 

" A bluntly triangukr 
pink body was Been sitsperarf- 

This was separated from the 
Moon's edge ivhen first seen, 
and the separation increased 
as the Moon advanced It 
had the appeamni.e of a 
luge conical protuberance, 
ivhose base was hidden b; I 
some intervening soft and I 
ill-defined eubstance To the 
north of this appeared the 
most wonderful phenomenon 
of the whole a red protu | 
berance, ot vivid brightness j 
and very deep tint, 
a, height of perhaps 1^' when 
first seen, and increased in length to 2' or more, as the Moon's progress 
revealed it more eomplctelv. In shape it somewhat resembled a fjirkiah 
cimeter, the northern cdf,e bcii^ convex, and the southern concave. Tow- 
ard the apex it bent su idenl> to the south, or n^ward, as seen in the 
telescope. To mr great aston sbnienl, this marvellous object continued 
visible for about iive seconds as nearly as I could judge, after the Sun 
began to reappear 

253. It is certim that these prominences belong to the 
Sun, as those at firat visible on the eastern side are grad- 
ually obscured by the Moon, while those on the ■western 
are becoming more visible, owing to the Moon's motion 
from west to east over the Sun. The height of some of 
them above the Snn's surface is upward of 40,000 miles. 
It is thought that they are incandescent clouds floating in 
the Sun's atmosphere, or resting upon the photosphere ; 
but this has not as yet been definitely established. 

353. Number of Helipses, — In the Saros, or eclipse- 
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period of 18 years 11 days, there usually happen 70 
eclipses, of which 41 are Bolar and 29 lunar. In any one 
year the greatest number that can occur is 7, and the least 
2 ; in the former case, 5 of them may be solar, and 2 lunar ; 
in the latter, both must be solar. Under no circumstances 
can there be more than 3 lunar eclipses in one year, and in 
some years there are none at all. Though eclipses of the 
Sun are more numerous than those of the Moon, in the 
proportion of 41 to 29, yet at any given place more lunar 
eclipses are visible than aolar ; because, while the former 
are visible over an entire hemisphere, the latter are seen 
only in a narrow strip which cannot exceed 180, and is 
nsnally about 150, miles in breadth. 

254. memorable iEclipses, — Thales, of Miletue, one of 
the seven wise men of Greece, was the first to give the 
true explanation of ellipses. He predicted a total ecbpse 
of the Sun, which took place 585 b, c, and is memorable 
for having put an end to an engagement between the 
Medes and Lydians. Herodotus tells us that the day was 
suddenly turned to night, and that, when the contending 
armies observed the strange phenomenon, they ceased 
fighting and concluded a peace which was cemented by a 
twofold marriage. 

Another total ecUpee of the Sun, which occurred March 
1st, 557 B, c, led to the capture of the Median city Larissa 
by the Persians, its defenders having withdrawn from its 
walls in alarm. 

2$$. Effects of Eolipses on the ITneducated. — Though 
the cause of eclipses was understood by the wise men of 
antiquity, the people generally, as indeed the uneducated, 
in modem times have done imtil quite recently, regarded 
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these phenomena with dread. Savage nations, not unnat^ 
urally, look upon them as omens of evil, and connect va- 
rious superstitions with their occuirenee. 

The Hindoos, when they see the black disk of our sat- 
ellite advancing over the Sun, believe that the jaws of a 
dragon are gradually eating it np. To frighten off the 
devouring monster, they commence beating gongs and 
rending the air with discordant screams of terror and 
shouts of vengeance. For a time their efforts have no 
effect ; the eclipse still progresses. At length, however, 
the uproar terrifies the voracious dragon ; he appears to 
pause, and, like a fish that has nearly swallowed a bait 
and then i-ejecta it, he gradually disgorges the fiery 
mouthful. When the Sun is quite clear of the monster's 
jaws, a shout of joy is raised, and the exultant natives 
congratulate themselves on having, as they suppose, saved 
their deity from a disastrous fete. Elsewhere in India, 
the natives immerse themselves in the rivers up to the 
neck, which they regard as a most devout position, and 
thus seek to induce the luminary which is in process of 
eclipse to defend itself against the devouring dragon. 

An eclipse of the Moon, March 1st, 1604, proved of 
great service to Columbus. During one of his voyages 
of exploration, he was wrecked on the coast of Jamaica. 
Reduced to the verge of starvation by the want of provi- 
sions, which the natives refused to supply, he took advan- 
tage of their ignorance of astronomy to save himself and 
his men. Knowing that an eclipse of the Moon was about 
to take place, he called the natives around him on the 
morning before its occurrence, and informed them that the 
Great Spirit was displeased because they had not treated 
the Spaniards better, and would shroud his faee from them 

baa been thn cfftcC of ePllpBCB on those unocqQamled with Ihalr cause? Wliat 
nupersHtion dothfi HlndooB connect with a aolar ecllpae T What position dotho 
nstlvoB aBBnme In eotne parla of Indlitl Bow did Colnmbua once save Itltneelf 
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that night. When the Moon became dark, the Indians, 
convinced of the truth of his worda, hastened to him with 
plentiful supplies, praying that he would beseech the 
Great Spirit to receive them again into favor. 



CHAPTER VIII. 
THE INFERIOR AND SUPERIOR PLANETS. 

256. To distinguish the planets which travel round the 
Sun within the Earth's orbit from those which lie beyond 
it, the former, /. e.. Mercury and Venus are termed Infe- 
rior Planets: while the 1 t er e M rs Jui er, Saturn, 
TJranus, and Neptune, are c.»l! I Superior Planets. We 
pi-oceed to consider these planets n tun 

2;/. Mercury (S). — The nearest jli et to the Sun 
whose existence is positively b owt s Mere ry. Under 
favorable circumstances, Mercury may be see it certain 
times of the year for a few m nutes ifter s b t and then 
after an interval of some days for a few m tea before 
sunrise. At other times t keej s so elo e t the Sun as to 
be invisible, being lost n the suj er or br gl t ess of his 
rays in the daytime, and sett n^, t I r ^ so nearly at 
the same time with him a to aft rl no op}.ortunJty of 
observation. It ia never more tl an 9 d int from the 
Sun. 

To the naked eyeMer r lo ks 1 ke ■> tar of the third 
magnitude, twinkling (unl ke tl e other plineta) with a 
pale rosy light. Viewed tl rougl tl e t lescope t cxhibita 
similar phases to those of tl e Moon (f om f 11 to new) ; 
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136 THE INFEEIOE AND SUPERIOR PLANETS. 

this is because we see more of its illuminated side at one 
time than another. Fig. 58 shows the phases of Mercury 
when seen after sunset. Its phases when seen before sun- 
rise are the same in reverse order, the illuminated part 
being turned in the opposite direction. 



• •o 



DlFFEUHNI TlUES. 

258. Mercury's orbit is more elongated than that of 
any other of the principal planets; it differs so much from 
a circle that at perihelion the planet is more than 15 mill- 
ions of miles nearer the Sun than at aphelion. It follows 
from this, and from the fact that Mercury is sometimes 
between us and the Sun and sometimes on the other side 
of the Sun, that the distance of Mercury from the Earth 
differs greatly at different times. The apparent diameter 
of Mercury as seen from the Earth varies accordingly, 
being at the planet's nearest point three times as great as 
when it is farthest removed. This difference of size is 
represented in Fig, 58, 

259, The mean solar heat received at Mercury is nearly 
7 times as great as that of the Earth. The mean intensity 
of its light is also 7 times as great as ours, and the Sun 
seen from its surface would look 1 times as largo as it 
does to us. We say its mean heat and light, for when it 
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is nearest to the Sun the intensity of its heat and light is 
10 times aa great as ours, and when most distant only 4^ 
times as great, Henee the differences of temperature at 
different seasons are extreme ; the seasona, also, are of 
very unequal duration. Every six weeks on an average 
there is a change of temperature nearly equal to the dif- 
ference between frozen quicksilver and meltud lead. 

260, Mcrcnry turns on its axis in 24 hours 5^ minutes, 
and its year comprises about 88 of our day& The incli- 
nation of its axis to the plane of its orbit is believed to be 
considerably greater than the Earth's ; if this be so, the 
relative length of the days and nights must vary more 
than on our planet. 

Mercury is the densest of the planets, having a speciiie 
gravity J greater than that of the Earth. The force of 
gravity on its surface is about ^ that on the Earth's sur- 
face. The flattening at the poles is much greater than 
that of our planet, the polar diameter being to the equa- 
torial as 28 to 29. 

261. The nearness of Mercury to the Sun prevents us 
from obtaining any very accurate knowledge of its sur- 
faee. There are indications, however, of the existence of 
moimtains, one of which, in the southern hemisphere, is 
estimated to be over 11 miles high. There are also evi- 
dences of an atmosphere. 

z6z. Venus ( 9 ),— The second planet from the Sun is 
Venus. On account of its nearness, it appears larger and 
more beautiful to us than any other member of our plane- 
tary system. So bright is Venus that it is sometimes visi- 
ble by day to the naked eye, and at night in the absence 
of the Moon casts a perceptible shadow. Viewed through 

thoaeoflheBiirtlif saO. How long aro Meremy's day and jearf What Is be- 
lieved \f> be l.lie case reepecting the Inelliistion of Its sile [ What would fol- 
low ! How dOBS Mercniy compare wltli the Earth tn density, and the force at 
giitvlty on Its Burfoce ? How does its polar di 
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the telescope, it presents phases similar to those of Mer- 
cury (see Sig. 58) and the Moon. When seen as a cres- 
cent, owing to its nearness to the Earth at that time, its 
apparent diameter is nearly 6| times as great as when it is 
-farthest off. 

263. Venus is always below the horizon at midnight. 
During part of the year, it rises before the Sun, and ushers 
in, as it wei-e, the day ; when appearing at this time, the 
ancients styled it Phosphor ov Lucifer (the light-bearer), 
and we call it the Morning Star. A few days after it 
ceases to be visible in the morning, it appears after sun- 
set ; it was then styled Hesperus or Vesper by the an- 
cients, and is distinguished by us as the Evening Star. 
The greatest distance it attains from the Sun is 47°. 

264. In size, density, and the force of gravity on its 
surfaee, Venus differs but little from the Earth. No flat- 
tening at the poles h^ been observed, from which it ia 
inferred that in this respect also it resembles the Earth, as 
the flattening on our planet is so small that it would be 
imperceptible to an observer on Venus. In consequence 
of the nearly circular form of its orbit, its four seasons are 
nearly uniform in length ; but the great inclination of its 
axis to the plane of its orbit (49° 58') must, as in the case 
of Mercury, make a great difference in the relative length 
of day and night, and subject its polar regions to extreme 
changes of temperature. Venus's day is about 23^ hours 
long, and its year is equal to about 224f of our days. 

265. Venns's heat and light are twice as intense as 
ours. A dense, cloudy atmosphere is believed to envelop 
the planet. Spots have been observed on its surface ; and 
irregularities are seen in the terminator, which are sup- 

changadoBBltaapparontdlametarunflergo.ana why? SB3. When 1b Venus dis- 
tingnUherl UB the MomlDR, anri wtien ae (heEv«nlD«, Start What is its greatest 
distsncofrom theSunJ SM. In what respects duea Venaa difibr liltio from tlie 
Earth 1 In what other respocts dooa it resemhlc the Earth t What niuat toWoa 
from tho great Inclination of ils aiia to the plane of iig orbit ? How long nra 
Venus'a day and jear t SB5. How do the heat and light of Venna oompare with 
tteEarth's? WbaCls believed to envelop the planetr What do the irregalari- 
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posed to indicate lofty mountains, in some cases exceeding 

?I I' - ' »rder from the Sun, la 
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two sketches of Mara, taken in 1862. Here we have some- 
thing strangely like the Earth. The shaded portions rep- 
resent water, the Kghter ones land, and the bright spot at 
the top of the drawings is probably snow lying round the 
south pole. 

The two drawings represent the planet as seen in a tele- 
scope, which inverts objects, so that the south pole of the 
planet is shown at the top. In the upper drawing, which 
was made on the 25th of September, a sea is seen on the left, 
stretching down northward; while, joined to it, as the 
Mediterranean is to the Atlantic, is a long, narrow sea, 
which widens at its termination. In the lower drawing, 
made September 23d, this narrow sea is represented on 
the left. The coast-line on the right reminds one of the 
Scandinavian peninsula, and the included Baltic Sea. 

z68. It will now be seen how we are able to determine 
the length of a planet's day and the inclination of its axis. 
We have only to watch liow long it takes one of the spots 
near the equator to pass from one side to the other, and 
the direction in which it moves, to get at both these facts. 

269. For a reason that will be underatood when we 
come to deal with the effect of the Earth's revolution round 
the Sun on the apparent positions and aspects of the 
planets, we sometimes see the north pole of Mars, some- 
times its south pole, and sometimes both. When but one 
pole is visible, the features which appear to pass across 
the planet's disk in about twelve hours—that is, half 
the period of the planet's rotation — describe cnrvea with 
the concave side toward the visible pole. When both 
poles are visible they describe straight lines, exactly as in 
the case of the Sun (Art. 110), These changes enable all 
the surface to be seen at different times, and maps of Mars 
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have been constructed, the exact position of the features 
of the planet teing determined by their latitude and lon- 
gitude, as in the case of the Earth. 

zyo. Mars has not only .land, water, and snow, like the 
Earth, but also clouds and mists, and these have been 
watched at different times. The land is generally reddish 
when the planet's atmosphere is clear ; this is due to the 
absorption of the atmosphere, as is the color of the setting 
Sun with us. Hence the fiery red light by which Mars is 
distinguished in the heavens. The water appears of a 
greenish tinge. 

z/i, Kow, if we are right in supposing that the bright 
spot surrounding the pole ia ice and snow, we ought to 
Bee it rapidly decrease in the planet's summer. This is 
actually found to be the case, and the rate at which the 
thaw takes place is one of the most interesting facts to be 
gathered from a close atndy of the planet. In 1862, this 
decrease was very visible. The summer solstice of Mars 
occurred on the 30th of August, and the snow-zone was 
observed to be smallest on the 11th of October, or forty- 
two of ottr days after the highest position of the Snn, This 
very rapid melting may be ascribed to the inclination of 
the planet's axis, the great eccentricity of its orbit, and 
the faet that the summer of the southern hemisphere occurs 
when the planet is near perihelion, 

272. Though we see in Mars so many things that re- 
mind u9 of the Earth, and show us that the extreme tem- 
peratures of the two planets are not far from equal, in one 
respect they differ widely. In conBe<)Hence of the great 
eccentricity of the orbit of Mars, the seasons are not so 
nearly equal in length as with us, and owing to the longer 

miips, determined ? an). How ia Mara diBtinguiBhed in the leaTene I To wliat 
iBthlB red light attrlbntablt? What tlngo hnB the water on the aui'flice of Mara? 
2T1, What Is the bright epot ohacricd near the south pole of Mare Biippoaed to 
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year, they are of mach greater extent. In the northern 
hemisphere of the planet, 

dttye. hrs. dayB. hra. 

Spring lasts 191 8 I Autumn lasts 149 8 

Summer " 181 I Winter " 147 

As «e must reverse the '.eibonb for the f-ontheni hemi- 
sphere, spring •md summei, taken togethei, are 76 days 
longei m the noithem hemispheie than m the southern, 

373 Jupiter cm — Ptssmg over the asteroids, which 
will be consideied hy themsei\ es m the next chapter, we 
come to Jupitei, by fir the largest planet of our system. 
Jupiter exceeds the E-^rth in bulk neaily 1,400 times. 
Its re^ olution lound the Sun is perf aimed m ihout 12 of 
our years, mth a velocity 80 time« as yieit is th\t of a 



cannon ball It turns on its i\is m less than 10 hours. 
The fiattemn* at its poles is still greater than thit it Mer- 

norBiorn teniippbere of the planet f How flo thi, sprfue and Rnmmer of the 
Boulhem hemfBpliere compare In lenxtli with those of thH northern f Z7S, Whidi 
1b tho iBrgeet plBnet of the Solar Syetom f How doOB It compare in bulk with 
the Eartlt? What are Ita periods of revolution and rolatton? How do we find 
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cary's, its polar diameter being to its equatorial diameter 
aa 16 to 17. This flattening, represented in Fig. 60, is 
what we should expect from its very rapid rotation (Art. 
203). 

274. Jupiter stands nearly upright in its orbit, the incli- 
nation of its axis being only about 3°. Henee in any given 
part of the surface there la very little change of season. 
In the equatorial regions, summer-reigns throughout the 
year ; the temperate zones rejoice in perpetual spring ; 
while around the poles winter continually prevails. The 
polar day ia 6 yeara long, and is followed by a night of 
equal length. Owing to the deviation of its orbit from a 
circle, the planet is 46 millions of miles nearer the Sun at 
perihelion than at aphelion, and receives in consequence ^ 
more heat. 

375. Jupiter appear to the naked eye like a star of 
the first magnitude, bright enough sometimes, when the 
Moon is absent, in spite of its great distance, to east a 
shadow like Venus. A glance at its disk, as represented 
in Fig. 60, shows us that we have something very unlike 
IVIara, In fact it is surrounded by an atmosphere so densely 
laden with clouds, that of the actual surface we know 
nothing. 

276. What are generally known as the belts of Jupiter 
are dusky streaks which cross a brighter background in 
directions generally parallel to the planet's equator. They 
are sometimes seen in large numbers, and extend almost 
to the poles. The largest belts are, for the most part, 
situated on either side of the equator, just as the two belts 
of trade-winds on the Earth lie on either side of the belt 
of equatorial calms. Outside these, again, we have the 
calms of Cancer and Capricorn represented, although these 

ite shape to bave been uffected by its ta-pta rotation ! SM. What Ix tb« InclIiKi' 
Hon of Jnpiter'B axis ( Wbatfollows, renpectiag tbeseasonel How much more 
beat does Iho planet receive at perlliellon tlian at aphellonf STB. How duea Ju- 
piter appear to the naked eje f By what la Jupiter anrroundedf SJB. Describe 
Uie belts of Jupiter, and their relatWa posllious. WliaC tint hae the et^iiatuHal 
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■belts are not so regularly seen, the portion of the planet's 
surface in which they are sometimes visible being liable 
to great changes of appearance, in a comparatively short 
time. The portions of the atmosphere representing the 
terrestrial calm-belts sometimes exhibit a beautiful rosy 
tint, the equatorial one especially. 

Besides the belts, spots are seen, sometimes bright and 
sometimes dart, which have enabled us to determine the 
period of the planet's rotation. Its rotary velocity is so 
great that on the equator an observer would be carried 
round at the rate of 467 miles a minute, instead of 17 as 
on the Earth. This rapid rotation would necessarily break 
the cloudy surface into belts more than in our case or that 
of Mars, In the latter planet, indeed, no trace of cloud- 
belts has as yet been detected; their absence is perhaps 
due to its slow rotation and small size. 

277, Though all astronomers do not agree that the 
surface of the planet is never seen, there are many good 
reasons for supposing this to be the case. In the first 
place, Mars and the Earth, whose atmospheres are nearly 
alike, have nearly the same density (Art. 157) ; while the 
density of Jnpitor (and the same reasoning applies to Sat- 
urn, whose belts, as far as we can observe them, resemble 
Jupiter's), if what we see is all planet, is only about one- 
fifth that of the Earth, or not far from that of water. 
Now, there is no reason to suppose that the matter of 
which Jupiter is composed differs so veiy widely in char- 
acter from that of Mars and the Earth, It seems more 
probable that the apparent volume of Jupiter (and, in like 
manner, that of Saturn) is made up of a large shell of 
cloudy atmosphere and a kernel of planet, and that the 
density of the real Jupiter (and the real Saturn) may not 
differ very much from that of the Earth. 

heW What are seen DeBldes the belts? What la the plaDet'a rotary velocity f 
WliotiB the neceBsary effect of this rapirt rotation on Ihft attnoapheref To what 
la tlie abaence of cloud-holts in iUna dne ? 1^7. What raaaoa is thurs for enp. 
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Moreover, our own planet was most probably envel- 
oped in a gi-eat shell of cloudy atmospbere, in one of the 
early stages of its history, before its crust had cooled down 
{Art. 314), The future ocean of Jupiter may now in like 
manner be spread about him, in the form of a blanket of 
cloud, 20,000 miles or more in thickness. 

278. Besides the changing features of Jupiter itself, the 
telescope reveals to us four moons, which, as they course 
along rapidly in orbits lying nearly in the piano of the 
planet's orbit, lend additional interest to the picture. In 




their various positions in their orbits, the satellites some- 
times appear at a great distance from their primaiy ; some- 
times they come between us and tbe planet, appearing now 
as bright and now as dark spots on its surface. At other 
times they pass between the planet and the Sun, throwing 
their shadows on the planet's disk, atid causing, in fact, 
eclipses of the Sun. They also enter the shadow cast by 
the planet, and are therefore eclipsed themselves ; and 
sometimes they pass behind the planet, and are said to be 
occulted. Of these appearances we shall have more to say 
hereafter. 

The passage of either a satellite or shadow is called a 
Transit. In a solar eclipse, could we obscn'e it from Ve- 

pherol Inivhatwae ourowD planetprobablyimco enveloped? S78. Howmaiiy 
nioonB hns Jnpiter? In whBt differRiit poaltlonB doeB the lelesrape uxhibit 
tbiim? What is mcnnt bya Transitt ai». How Aa Jnpltor's moona comparo 
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e the shadow of our Moon sweeping o 
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nils, v/c should S' 
the Earth's surface. 

379. Referring to the sizes of these satellites and thcu- 
distances from the planet, 111 Table HI. of the Appendix, 
we find that all hut one are lai^or than our Moon, and that 
all are farther fi-om their primary than our Moon is from 
us. Like our Moon, they rotate on their axes in the same 
time as they revolve round their primary. This is inferred 
from the fact that their light varies, and that they are al- 
■ways brightest and dullest in the same positions with re- 
gard to Jupiter and the Sun. 

280, Saturn 0). — Saturn, which is next U> Jupiter in 
distance from the Sun, is also next to it in siae, having a 
volume about 750 times that of the Earth. Its day is 
not half so long as ours, but it ia 2fl^ of our years in mak- 
ing one complete revolution in its orbit. 

281. Saturn, which 
is belted like Jupiter, 
is suiTounded not only 
by eight moons, but 
by a series of rings, 
the innermost one of 
which is transparent. 
The belts have been 
already referred to 
(Art. 277). Seven of 
the moons were known for sixty years before the eighth 
was discovered. Their diameters, distances from their 
primary, etc., are given in Table III. of the Appendix. 
The equator of Saturn, unlike that of Jupiter, is greatly 
inclined to the ecliptic ; transits, eclipses, and occultations 
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THE EINGS OF SATURN. 147 

of the satellites, the orLits of which for the most part lie 
in the plane of the planet's equator and rings, happen but 
rarely. 

282, It is to the rings that most of the interest of this 
planet attaches. We may imagine how soi-ely puzzled the 
earlier observei-s, with their very imperfect telescopes, 
were, by these strange appendages. The planet at first 
was supposed to resemble a vase; hence the name Ansm, 
or handles, given to the rings in certain positions of the 
planet. It was next supposed to consist of three bodies, 
the largest in the middle. The tnie nature of the ruigs 
was discovered by Huyghens in 1C55, who announced it 
in this curious form : — 

ccccc d eeeee g h iiiiili 1111 mm 
)oo pp q rr s ttttt uuuuu." 
These letters, plaeed in their proper order, read ; — ^^Annu- 
lo eingituT temti piano, nitaquam, cohferente, ad ediplicam 
indinato." — " It is surrounded by a thin flat ring, nowhere 
attached to its surface, inclined to the ecliptic." 

There is nothing more encouraging in the history of 
astronomy than the way in which eye and mind have 
bridged over the tremendous gap that separates us fi-oni 
this planet. By degrees the fact that the appearance was 
due to a ring was determined; then a separation was no- 
ticed, dividing the ring into two; the extreme thinness 
of the ring came out next, when Sir William Herschel 
observed the satellites "like pearls strung on a silver 
thread ; " then an American astronomer, Bond, discovered 
that the number of rings must be multiplied, we know not 
how many fold. The transparent ring was next made out 
by Dawes and Bond, in 1852; then the transparent ring 

liet What iBPaidnfthooccarreneeof IraneitB, ecllpeeB, andoccnltallonaof tbe 
snlelllteB! aSS. Wlist cooatjtuts the most intorostiDit featnre of UiIk p]en«tf 
Wliat waa Satuto at first supposed to reBemblaf What were the rings first 
called? Who discuveted th« trne nature of the rinse, and when t Hoiv dW 
Uujgbens annuniice his discorury 1 State the dlscuvuriea eucceselvcly xu&He re- 
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was discovered to be divided as the whole system had 
once lieeu- thought to be ; last of all comes evidence that 
the smaller cdvisioiis in the various rings are sutject to 
change, and that the ring-system itself ia probably increas- 
ing in breadth, and approaching the planet. 

283. Fig. 63 will give an idea of the appearance pre- 
sented by Saturn and its strange but beautiful appendage ; 
also of its size as compared with the Earth, It will be 
shown in Chapter SII. that we see sometimes one surface 
of the ring-system, sometimes another, and occasionally 
only its edge. 




284. The ring-system is situated in the plane of the 
planet's equator, and its dimensions are as follows : — 
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147,670 
1,680 
144,310 
109,100 
91,780 
0,760 
72,250 



Outside diameter of outer ring, 

Inside " " 

Distance fi-om outer to inner ring, 
Outside diameter of inner ring, 

Inside " " 

It^ide " dark ring, 

Distance from dark ring to planet. 
Equatorial diameter of planet, 
So that the breadths of the three principal rings, and of 
the entire system, are as follows : — 

MHee. 

Outer bright ring, 9,625 

Inner bright ring, 17,605 

Dark ring, 8,660 

Entire system, 37,570 

In spite of this enormous breadth, the thickness of the 
rings is not supposed to exceed 100 miies. 

285. Of what, then, are these rings composed ? There 
is great reason for believing that they are neither solid nor 
liquid. The idea now generally accepted is that they are 
composed of myriads of little satellites, moving indepen- 
dently, each in its own orbit, round the planet ; giving rise 
to the appearance of a bright ring when they are closely 
packed together, and a very dim one when they are most 
scattered. In this way we may account for the varying 
brightness of the different parts, and for the haziness on 
both sides of the ring near the planet (shown in Fig. 84), 
which is supposed to be due to some of the satellites being 
drawn out of the ring by the attraction of the planet. 

z86. Although Saturn appears to resemble Jupiter in 
its atmospheric conditions, its year, unlike that planet's, 
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and like our Earth's, owing to the great inclination of its 
axis, is sharply divided into seasona. Saturn's seasons, 
however, are marked by something oise than a change of 
temperature; we refer to the effects produced by the pres- 
ence of its ring-appendage. To understand these effects, 
its appearance from the body of the planet must first be 
considered. As the piano of the ring-system lies in the 
plane of the planet's equator, an observer at the equator 
■will only see its edge, and the rings will therefore look 
like a band of light passing through the east and west 
points and the zenith. As the observer, however, increases 
his latitude either north or south, the surface of the ring- 
system will begin to be seen, and will gradually increase 
in width. As it widens, it will also recede from the zenith, 
until in lat. 63° it is lost below the horizon ; and between 
this latitude and the poles it is altogether invisible. 

Now, the plane of the ring always remains parallel to 
itself, and twice in Saturn's year — that is, in two opposite 
points of the planet's orbit — it passes through the Sun. It 
follows, therefore, that during one-half of the revolution of 
the planet one surface of the rings is lit up, and during 
the remaining period the other surface. At night, in 
the one case, the ring-system will be seen as an illumi- 
nated arch, with the shadow of the planet passing over it, 
like the hour-hand over a dial ; and in the other, if it be 
not lit up by the light reflected from the planet, its posi- 
tion will bo indicated only by the entire absence of stars, 

287. But if the rings eclipse the stars at night, they 
can also eclipse the Sun by day. In latitude 40° we have 
morning and evening eclipses for more than a year, grad- 
ually extending until the Sun is eclipsed during the whole 

Bidea achsDgeof (empsnitiire are its BeaBone marbed ( Howirimld the rings be 
presented to on obBerverat Uie equator of SatnrnF As he Increases hie latitude, 
»hat changes will be eshihlled In the rings? When will tlie ringa sink helow the 
horizon I Stale the tUctB >vlth respect to the illnralnntlon of the BurtUces of tho 
rlugs. Howmnet lliu llhimlnatKa Blirftce look at night t Howls the dark bhi'- 
face Indicated? S(fF. What phenomena are produced by tho tuigs in the duy- 
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day — that is, when its apparent path lies eiitii'ely in the 
region covered toy the ring. These total eclipses continue 
for nearly 7 years, and eclipses of one kind or another take 
place for 8 years 292 days. This will give ua an idea how 
largely the apparent phenomena of the heavens, and the 
actual conditions as to climates and seasons, are influenced 
by the presence of the ring. 

As the year of Saturn equals 29|- of our years, it fol- 
lows that each surfece of the rings is in turn deprived of 
the light of the Sun for nearly 15'years. 

28S. UranuB (Jit). — Uranus, the next planet to Saturn, 
usually shines as a star of the sixth magnitude, and is just 
visible to the naked eye. It is 72 times larger than the 
Earth, and revolves about the Sun in 84 of our years. 
There toeing no spots on its surface, we are unable to fix 
the period of its revolution on its axis. The intensity of 
the solar heat and light received at Uranus are only ^^ 
of ours. 

Uranus is attended by four moons, which arc remark- 
able for their retrograde motion, travelling in the oppo- 
site direction to that of all the other planets, except the 
moon of Neptune, and in orbits nearly perpendicular to 
the orbit of their primary. Owing to the great distance 
of Uranus, nothing is known of its physical peculiarities, 
except that its specific gi'avity is about ^ that of the 
Earth — a little greater than the specific gravity of ice. 

2S9. Neptune ( f ). — Neptune, the most remote planet 
of the solar system and the third in size, is invisible to the 
naked eye. Seen through the telescope, it looks like a 
star of the eighth magnitude. Its revolution round the 
Sun is performed in about 165 of our years. It has one 

timo 1 DeBccilie tlie ecl)p!ies In lat. 40°. How Iodk is eacb eurflice or the tilths 
In tnrn (tepriircd of the Son's light! 888, What appearance doea Urauns pre- 
eenc? Hnw do Ua bIzb, its year, ana the infenaity of Ua light and heat comparo 
with onrs! How many moons hoe Uraoiia? For what are tliey remarkaWef 
What JB tho apccific gravity of Uronua ? 989. Which Is the most remoie planet 
of oursyatomT How doea Neptune look? How long is ita jour? How maoy 
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moon, a little nearer to its primary than our Moon is to 
ua, Ita light and heat have bat -j-bW t^® intensity of ours. 
Nothing is known of the period of rotation or the atmos- 
pheric conditions of Neptune. Its density ia less than ^ 
of the Earth's, or not quite equal to that of sea-water. 



CHAPTER IX. 
THE ASTEROIDS, OR MINOR PLANETS. 

290. Bode's Law. — If we write down 

3 6 12 24 48 96 
and add 4 to each, we get 

4 1 10 16 28 62 100 
and this series of numbers represents veiy nearly the dis- 
tances of the ancient planets from the Sun, as follows : — 

Mercury, Venns, Earth, Mars, — , Jupiter, Saturn. 
This singular fact was discovered by Titius, and is known 
by the name of Bode's Law. We see that the fifth term 
has apparently no representative among the planets. This 
fact acted so strongly on the imagination of Kepler that 
he boldly placed an undiscovered planet in the gap. 

291. Discovery of the Asteroids. — Up to the time of the 
discovery of Uranus, the suspected planet had not revealed 
itself; when it was found, however, that tho position of 
Uranas was very well represented by tho next term of 
Bode's series, 196, it was determined to make an organized 
seai-ch for it. For this purpose a society of astronomers 
■was formed ; the zodiac was divided into 24 zones, and 
each zone was confided to a member of tho society. On 

rooona haa itf How So KepUne'a Ught, heit, and dcasily, compare with thoee 
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the first day of the present century a planet was discovered 
and named Oeres, which, curiously enough, filled up the 
gap. The discovery of a second, third, and fourth, named 
respectively Pallas, Juno, and Vesta, soon followed ; and 
up to the present time (Nov., 1870) no less than 113 of 
these little bodies have been detected. A list of them, 
with their symbols, will be found in the Appendix, Table I. 

293. Size of the Asteroids. — None of these planets, 
except occasionally Ceres and Vesta, can be seen by the 
naked eye. This is owing to their small size ; the largest 
minor planet is but 238 miles in diameter, and many of 
the smaller ones are lees than 50. The force of gravity 
on their surfaces must be veiy small. A man placed on 
one of them would spring with ease 60 feet high, and 
sustain no greater shock in his descent than he does on 
the Earth from leaping a yard. On such planets giants 
may exist; and those enormous animals which here re- 
quire the buoyant power of water to counteract their 
weight, may there inhabit the land. 

293. Orbits. — The orbits of the asteroids thus far dis- 
covered, for the most part, lie nearer to Mars than Jupiter, 
and are in some cases so elliptical, that, if we take the ex- 
treme distances into account, they occupy a zone 240,000,000 
miies in width — the distance between Mars and Jupiter 
being 336,000,000. The planet nearest the Sun is Flora, 
whose journey round that luminary is performed in 3^ 
years, at a mean distance of 301,000,000 miles. The most 
distant one is Maximiliana, whose year is as long as 6^ 
of ours, and whose mean distance is 313,000,000 miles. 

There is a resemblance between the orbits of some of 
the asteroids and those of comets, not only in their degree 

the undlacovered phtoetT What plan was sdoptfld? WhDt wits the result! 
What further dlBcineries hn™ Binee been made T SflS. Which oftheflBteroldsate 
occaelonally rlelble to the n 

roids thnsfar diecovered lie ? How wide a zone do thej oc 
astoroidaiBEoarostthe Bunt Wliich is the moat distant f 
diatanoea and yeara compare ! In wlist reapecta do the orb 
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of eccentricity, T>ut also in their great inclination to tha 
plane of the ecliptic. The orbit of Pallas, for instance, is 
inclined to this plane at an angle of 34° ; that of Maa- 
silia, on the other hand, nearly coincides with it. 

294. Evidences of Atmosphere and BotatioiL—Pallas 
has been supposed, from its hazy appearance, to be sur- 
rounded by a dense atmosphere, and this may also bo the 
case with the others, as their colors are not the same. 
There are also evidences that some among them rotate on 
their axes, like the larger planets. 

29, Kode of Discovery — The minoi plinits lately dis 
co\ ered shine as stars of the tenth 01 eleventh magnitudt 
and the only way in which they can be detected, there- 
tore, IS to compare the stir chirts ot difilrtnt parts of the 
hea\ens with the heavens themsehci, night iftcr night 
bhould any point of light not milked on the chart be ob 
served, it la immediately watched, and if my motion w 
detected, its nte and direL.tion aie dLteimined. In the 
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litter case, either a new planet 01 a comet has been dis- 
covered. 

teroida reeemble thoE>c of ihe cometa t How do tho orbits of Pnllas nnd Maseilla 
difltr in iiiclinnlion V> tho plane of tho ecliptic 7 Mi. Of what arc there evidence? 
In tha OBBO of Bome ot the nstetoids f 395. Doeorlbe the mode of dlacoverhig Vae 
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Fig. 6i, which repreaents on the left the star-map and on the right 
the field of view of the telcacopo, will ^to an idea of the method pur- 
suecl. The Btara shown in both are the same, and ia the field of the 
telescope is seen the new bodf, which, absent fram the map, and chan^g 
its positiou relativolj to iho stars, is found to bo a member of our solar 
system. 

396. Theory respecting^ tlie Asteroids. — To aceoant for 
the existence of the asteroids, it has been suggested that 
they may he fragments of a larger planet destroyed by 
contact with some other celestial body. One fact seems, 
above all, to indicate an intimate relation between all the 
minor planets : it is, that if their orbits are figured under 
the form, of material rings, these rings will be found so 
entangled that it would be possible, by m.eans of one 
among them, taken at hazard, to lift up ail the rest. 

It is probable that the largest of the asteroids have 
been discovered ; yet as more powerful instruments are 
used, many new ones, less easily visible fi-om the Earth, 
will no doubt from time to time be added to their number. 
According to Le Verrier's computation, the total mass of 
these bodies revolving between the orbits of Mars and 
Jupiter is such that, allowing them to equal the Earth in 
density and to have an average size equal to tliat of such 
as have been already discovered, their whole number 
would be not far from 160,000 1 



CHAPTER 
COMETS. 



297. "Wb have seen that round the white-hot Sun cold 
or cooling solid bodies, called planets, revolve; that be- 

mfnop planets. 296. WHat theory linB been advancea, to account for tbe eslel- 
ence of the aateroids T WUat fiiet indicBtes an Intimate I'elatlon Ijetweco Iheml 
WhatiB proliablo withrogardto future diacoveriesf How great may tlie num- 
ber of the aslerulds bo! 
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cause they are cold they do not shine by their own light ; 
that they perform their journeys in almost the same plane ; 
that the shape of their orbits is oval or elliptical; and 
that they all move in one direction, — that is, from west to 
east. 

But these are not the only bodies which revolve round 
the Sun. There are, besides, masses, probably white-hot, 
■called Comets (from the Greek Kou^rvjf, long-haired), 
which shine by their own light ; which perform their 
journeys round the Sun in every plane, in orbits some of 
which are so elongated that they can scarcely be called 
elliptical; and — a further point of difference — while some 
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move round the Sim in the same direction as the p 
others revolve from east to west. 

398. Orbits of the Comets, — The orbits of the comets 
are either ellipses, parabolas, or hyperbolas (see Fig. 65). 
Comets that move in elliptical orbits revolve round the 
Sun in definite periods. Their paths are exceedingly 
elongated, the cometary orbit which most neai-ly ap- 
proaches a circle (that of Faye's comet) having a much 
greater eccentricity than the planetary orbit which departs 
most from a circle (the asteroid Polyhymnia'a). 

Comets that describe parabolas or hyperbolas will 
never return, as these curves consist of two constantly- 
diverging branches. After once visiting our system, they 
go away forever, aeeiing perhaps another sun in the 
depths of the heavens. Some of those, however, that 
appear to describe parabolas may really move in greatly- 
elongated ellipses and return after very long periods. 

Here is a list of some comets whose period is known : — 



„.™. 


Time of 
Revolu- 
tion. 


NoarestAp- 

ptOHcli tn tlis 

Sun. 


GfBfit«Bt Dis- 

tance from the 

Sun, 


Nert 


Encke's . . . 
DeTko'a . . 
Winiieeke's . 
Brorseti's . . 
Bioli'a . . . 
D' Arrest's . . 
Faye'a . . . 
MechaJD'a . . 
Halley's . . 


Years. 
165 


32,000,000 
110,000,000 

G4,000,000 
82,000,000 

192,000,000 

66,000,000 


387,000,000 
476,000,000 

(137,000,000 
085,000,000 

608,000,000 

3,200,000,000 


1872 

1873 

1870 
1878 
1S71 
IBJO 



curTCH dotlietoniGtB deacribef What comets return at flxefl periods t How do 
(lie elliptical cometary orblls compare in ehapewlth the planelaryorblte t What 
comets will never retarn 1 Mention foma of the shorl-period comets, and their 
time of revolution, Mention some ot tho long-perlofl comets, and their tlma lA 
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These are called Short-period Comets, Of the Long- 
period Comets we may mention those of 1858, 1811, and 
1844, whose periods of revolution have been estimated at 
2,100, 3,000, and 100,000 years rcspectivuly. 

299. Distances from the Sun. — From tho table given 
above it will be seen how the distance of these erratic 
bodies from the Sun varies at different points of their or- 
bits. Thus Encke'a comet is twelve times nearer the Sun 
at perihelion than at aphelion. Some comets whose aphelia 
lie far beyond the orbit of Neptune, at perihelion almost 
graze the Sun's surface. Sir Isaac Newton estimated that 
the comet of 1880 approached so near the Sun that its 
temperature was two thousand 
times that of red-hot iron ; 
its nearest point, it was 1: 
one-sixth part of the Sun's di- 
ameter from the surface. The 
comet of 184-3 also made a very 
near approach to the Sun, and 
was visible in broad daylight. 

30a Appearance presented 
by a Comet— In Fig. 66 we 
give a representation of Do- 
nati's Comet, visible in 1858, 
which will serve to illustrate 
a general description of these 
bodies. The brighter part of 
the comet is called the head, 
arcoma/ and sometimes the 
head contains a brighter por- '"^"'' 

tion still, called the nucleus. The tail is the dimmer part 
flowing from the head ; as observed in different comets, it 




iiotiitiOD. S99. Give hiBtani^es ahnntng how tlie distance of aome comets f 
leSunvariesat alffercntpotnlB of their orblls. What tkcts are Bfaled reep 
LgthecometBoflflSOandlMS? 809. Name and deBcrlbe the different parts 
tmel. What diCfbront Appsiuaocee doea the titU present t What eildenc 
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may be long or short, straight or curved, single, double, or 
multiple. The comet of l'?44 had six tails, that of 1823 
two. In Bome comets, particularly those whose period of 
revolution is shortest, the tail is entirely wanting. 

Both head and tail are so transparent that all but the 
faintest stars are easily seen through them. In 1858, the 
bright star Arctuma was visible through the tail of Do- 
nati's comet, at a place where the tail was 90,000 miles in 
diameter. 

301. ChangeB in Appearance. — When these bodies are 
far away from the Sun, their heat is feeble, and their light 
dim ; we observe them in our telescopes as round misty 
bodies, moving very slowly, say a few yards in a second, 
in the depths of space. Gradually, as the comet ap- 
proaches the Sun, and its motion increases (for the nearer 
any body, be it planet or comet, gets to the Sun, the faster 
it travels), the Sun's action begins to be felt, the comet 
gets hotter, gives oat more light, and becomes visible to 
the naked eye, 

A violent action soon commences ; the gas bursts forth 
in jets fi-om the coma toward the Sun, and is instantly 
driven back again, as the steam of a locomotive going at 
great speed is driven back on its path, though from a dif- 
ferent cause. The jets rapidly change their position and 
direction, and a tail is formed, which seems to consist of 
the smoke or products of combustion driven off from the 
coma, probably by the repulsive power of the Snn, and 
rendered visible by his light. The tail is always turned 
away from the Sun, whether the comet be approaching or 
receding from that body. 

As the comet gets still nearer to the Sun, and there- 
fore to the Earth, we begin to see in some instances that 
the coma contains a nucleus, brighter than itself; the jets 

there Ibat both head audtoU are tFansparent! Mention n esse lu point. 301. 
what dIrecUou Ib the tail always turued i What does Uie coma eomelimee ixm- 
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are distinctly visible, and some- 
times the coma consiets of a 
sevies of envelopes. This was 
the case in the heautifui comet 
of ^858; the nucleus was con- 
tinually throwing off these en- 
ielope=(, which surrounded it 
like the liyers of an onion, and 
peeled off, expanding outward 
and g!\ ing plice to others 
he\ en distinct en^ elopes "n ere 
thu'j seen, is they were dn\en 
oft, they seemed to be expelled 
into the tail 

Hence the tails of comets, 
as a mle, rapidly morea«e as 

thuv approach the Sun, ■Khith ^"^ ^' 

■''■'- ' ing tlie Head and Ki 

gives rise to all this violent ac 
tion. The tail of the comet of 1861 was 30,000,000 miles 
long, and this length has been exceeded in many cases. The 
tail of the comet of 1843 was 112,000,000 miles long, the 
diameter of the coma being 112,000 miles, that of the nu- 
cleus 400 miles; near perihelion, the tail increased at the 
rate of 35,000,000 miles a day. 

Halley's comet, as observed hy Sir John Herschel, and 
Encke's comet, are exceptions to the above rule. As these 
bodies approached the Sun, both tail and coma decreased, 
and the whole comet appeared only like a star. Still, most 
comets increase in brilliancy, and their tails lengthen, as 
they near the Sun, — so much ao that in some instances 
they have been visible in broad daylight. The enoi-moua 
effect of a near approach to the Sun may be gathered from 
the fact that the comet of 1680, at its perihelion ] 




tall] f WtmC aoea Che nucloiiB in sod 
eruUy do, as the comet gela etUI iiea 
to tbiB rule! Give tbe Icugtti oftb 
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while it was travelling at the rate of 1,200,000 miles an 
hour, in two days shot out a tail 60,000,000 miles long. 

30Z. Dangei ftom CoUMons. — In old times, when less 
was known about comets, they caused great alarm ; not 
merely superstitious terror, which connected their coming 
with the downfall of a king or the outbreak of a plague, 
but a real fear that they would daah our planet to pieces 
should they come into contact with it. Modem science 
teaches us that in the great majority of instances the mass 
of the comet is so small that we need not be alarmed; in- 
deed, there is good reason to believe that on June 30th, 
1861, we actually passed through the tail of the glorious 
comet which then suddenly appeared, the only noticeable 
phenomenon being a peculiar phosphorescent mist. Again 
in 1776, a comet approached so close to Jupiter as to be- 
come entangled among its satellites, but the latter all the 
time pursued their way as if the comet had never existed. 
This, however, was by no means the case with the comet ; 
it waa thrown entirely out of its course, its orbit was 
changed, and it has ceased to be a long-period comet, 
its revolution being now accomplished in about twenty 
years. 

303. A Plvided Comet. — There is an instance on record 
of a comet's dividing into two portions, which afterward 
pursued distinct but similar orbits. This ia Biela's comet, 
given in the table in Art. 298. But this is not alL These 
twin comets were due again at perihelion at the end of 
January, 1866, and ought to have been visible from the 
Earth on the 30th of November ; but in spite of the strict- 
est watchmg nothing was seen of them. It is believed that, 
like Lexell's comet, they have been diverted from their 
course by some member of our system, and that in this 

nppriihenBicm was formerly fell respecting cooieta? Whot doee rniMiera acleiice 
leiicliu6? What two ocoirreDcea siiow us thot there la little cause for alarm t 
303, Wbat remarkable ftcts are mentioned in conneelfon with Biela's coinett 
WliHtie tliongbttobaveboeH tie dieturblufc' ciuBc! 304. What have we riMBiju 
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case the November meteors may haye been the disturbing 
cause. 

304. Physieal Constitution of Cometa. — In the case of a 
comet without a nucleus, we have reason to believe that 
the coma is a mass of white-hot gas, like that of which the 
nebulffl are composed; whether a comet with a. nucleus 
is made up of similar matter we do not know. One thing 
is certain, that as the tail indicates the waste, so to speak, 
of the head, each return to the Sun must reduce the mass 
of the comet. 

A diminution of velocity would in time reduce the 
most refractory comet into a quiet member of the solar 
family, as the orbit would become less elliptical, or more 
circular, at each return to perihelion. This effect has, in 
fact, been observed in some of the short-period comets, 
Encke's comet, for instance, now performs its revolution 
round the Sun in three days less than it did eighty years 
ago. This reduction of speed has been attributed to the 
resistance offered by the ethereal medium — a resistance not 
noticed in the case of the planets, because their mass is 
BO much greater. 

Sir Isaac Ne\vton calculated that a cubic inch of air at 
the Earth's surface — that is, as m.uch as is contained in a 
good-sized pill-box — ^if reduced to the density of the air 
4,000 miles above the surface, would be sufficient to fill a 
sphere the circumference of which would be as large as 
tho orbit of Neptune. The tail of the largest comet, if it 
be gas, may therefore weigh but a few ounces or pounds ; 
and the same argument may be applied to the comet itself, 
if it be not solid. With so limited a supply there Is not 
room for waste, and in the case of so small a mass the re- 
sistance offered may easily become noticeable. 
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305. Niimlier of Comets, — From the earliest times, be- 
ginning with the Chinese annals, to our own, about 800 
comets have been recorded ; but the number observed at 
present is much greater than formerly, as many are re- 
vealed by the telescope. It is thought that there may be 
many millions of these bodies belonging to our system, 
and perhaps passing between it and other systems. Wo 
see but few of them, because those only are visible to us 
which are favorably situated for observation when they 
pass the Earth in their jonrney to or from perihelion ; 
while there may be thousands which at their nearest ap- 
proach to the Sun are beyond the orbit of Neptune. 

306. Comets, how formerly regarded. — Comets were in 
ancient times regarded as the harbingers of war, pestilence, 
and famine. " A fearful star, for the most part, this comet 
is," says Pliny, " and not easily appeased," The Sertorian 
War, the civil dissensions between Pompey and Caesar, 
and the cruelties of Nero, were all, as the Romans thought, 
foreshadowed by these celestial messengers of ill, A 
comet of terrific sword-like appearance, a<!cording to Jose- 
phus, seemed to hang over Jerusalem, a, d, 69, inspiring 
the inhabitants with the greatest alarm ; which was real- 
ized by the destruction of the city the following year. 

As late as the year 1456, all Europe was thrown into 
consternation by the appearance of a comet, which in the 
minds of the terrified people presaged victory to the Turks, 
who were at that time pressing hard upon Christendom, 
We are told that the bells were rung at noon every day, 
and prayers offered for preservation " from the Devil, the 
Turk, and the Comet." 

welgli, If It be gne? SIK. How irmn;' cometa haTo bccm lecordedT Bow Aafe 
the Dumber novobeerved compare with tbat formedy knoirn ? Wtajils thier 
Howtnanycometa, Is It thongbt.moy belong lo our system ( Why flo we see so 
fewot tbem? 806. How were comets regarded lu ancient times t What does 
Plinjaay of themf What evenis in Roman history were thought to have been 
forcsbadowpd by comets? By what was the destrncilaD of Jernealem preceded I 
Wbat look placo as late UH the year HSfi 1 What did the Hoiman Cbrouide argns 
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The Norman Chronicle refers to a comet which ap- 
peared ill the year of the Nonnan Conquest, 1066, as evi- 
dence of the divmc right of "William of Noiiaandy to in- 
vade England. 



CHAPTER XI. 
METEORS ANI7 METEORITES. 

307, Nnmber of Meteors. — There are very few clear 
nights in the year in which, if we watch for eonae time, we 
shall not see one of those appearances which are called, 
according to their brilliancy. Meteors, Bolides, or Shooting- 
Stars. On some nights we may even see a shower of fall- 
ing stars, and the shower in certain years is so dense that 
in some places the number seen at once eqnals the appar- 
ent number of the fixed stars seen at a glance. It has 
been calculated that the average number of meteors which 
traverse the atraosphcro 
daily, and which are large 
enough to be visible to the 
naked eye on a dark clear 
night, is no less that 7,500,- 
000; and, if we include mete- 
ors which would be visible in 
a telescope, this number will 
be increased to 400,000,000 ! 
Some aBtronomers have even ao- 
couBled for the Zodiacal Light, seen 




IBS ZODIACAI. 



set, bf attiibuting it t 
collection of these i 



ro daily I To what havo 



,v Google 



THE NOVEMBER SHOWERS. 135 

which the Earth is thus constantly encounteriag, and which on entering 
our atmosphere become meteors. Too eraali to be seen eepurately, even 
with the telescope, they combine in oountleBS multitudes, according to 
this hypothesis, to reflect to our ejea the light in question, borrowing it 
from the Sun round which thej revolve. The shape of the Zodiacal 
Light is that of a cone, with its base turned toward the Sun, and its 
asia nearly in the plane of the ecliptic, as shown in Mg. 68. 

308. Theory of tlie November Showers. — It ia now gen- 
erally held that theso little bodies are not scattered uni- 
formly in the space comprised by the Solar System, but are 
collected into several groups, some of which travel, like com- 
ets, in elliptic orbits round the Sun ; and that what we call a 
shower of meteors is due to the Earth's breaking through 
one of these groups. Two such groups are well defined, 
and we break through them in August and November in 
certain years. The exquisitely beautiful star-shower of 
180G has placed the truth of this explatiatioa beyond all 
doubt. 

To explain this theoiy further, we must again fall back 
upon our imaginary ocean (Art. Ill) to represent the plane 
of the ecliptic. Let us also suppose that the Earth's path 
is marked out by buoys placed at every degree of longi- 
tude, beginning from the place occupied by the Earth at 
the autumnal equinox. Now, if it were possible to buoy 
space in this way, we should see the November group of 
meteors rising from the plane at the point occupied by our 
Earth about the 14th of November. 

309. But why do we not have a star-shower every No- 
vember ? Because the meteors are not uniformly distrib- 
uted throughout their orbit, but are mostly collected in a 
great group in one part of it. To have a dense shower, we 
must not only cross their orbit, but cross it at a time when 
the principal group of little bodies is in that part of it 

Llsht * What Is the shape of this light? 30S. What opinfon ia now gcnornilj 
hRia raspectlug meteoric ahowera ( When do we break thnragh two well-dofined 
groapa! Illuatrate thia theory as regarilB the November group, tattngan Imogl- 
uacy ocean I0 reprcaout the plane 0! the ecliptic. 309. Why do we not have 
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which we are crossing. Now, the group referred to per- 
forms its revolution in abont 33^ years; hence No- 
vember showers may be expected at intervals of about 33 
years. But as the meteors extend along their orbit in a 
great stream so far that it tates two or tln-ee years for them 
to clear the node, or point of their path at which they 
cross the Earth's orbit, a shower, more or less brilliant, 
proceeding from different parts of the same lengthened 
group, may occur in two or three consecutive yeai^. 

3 10. About a dozen of these November showers are re- 
corded. One of tbem occurred November 12th, I7fl9; 
another, of remarkable brilliancy, on the 13th of Novem- 
ber, 1833, when it was estimated that 575 fell on an aver- 
age each minute. On the 14th of November, 1866, and 
also on the same day of the two following years, there was 
a recurrence of these remarkable phenomena. 

311, The ^diant-point. — Now, what will happen when 
the Earth, sailing along in its path, reaches the node and 
encounter the mass of meteoric dust, the particles of which 
are travelling in the opposite direction? 

Let us in imagination connect the Eartih and Sun 
with a straight line. At any moment, the direction of tlie 
Earth's motion will be at right angles to this line (or, as 
it is called, a tangent to its orbit) ; therefore, as longitudes 
are reckoned from right to left, the motion will be directed 
to a point 90° of longitude behind the Sun, The Sun's 
longitude at noon on the 14th of November, 1866, was 
232°, within a few minutes ; 90° fi^jm this gives us 142°, 

Since therefore the meteors, aa we encounter them in 
our journey, should seem to come from the point of space 
towai-d which the Eai-th is travelling, and not from either 
side, we ought to see them coming from a point situated 
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in longitude 142°, or thereabout. Now, what was actually 
seen? 

One of the most striking fa«ts, noticed even by those 
who did not see its significance, was that all the meteors 
Seen in the etar-shower referred to seemed to come from 
one part of the sky. In fact, there was a region in which 
the meteors appeared trainless, and shone out for a mo- 
ment like eo many stars, because they were 4irectly ap- 
proachinffus. Near this spot they were so numerous, and 
all so foreshortened and for the most part faint, that thfe sky 
at times put on almost a phosphorescent appearance. As 
the eye travelled from this region, the trains increased in 
length, those being longest as a rule which first made their 
appearance overhead, or which trended westward. Now, 
if the paths of all had been projected backwai-d, they 
would have intei^ected in one region, that, namely, in 
which the most foreshortened ones were seen. In fact, 
there were moments in which the meteors belted the sky 
like the meridians on a terrestrial globe, the pole of the 
globe being represented by a point in the constellation Leo. 
From thU point they all seemed to radiate, and Radiant- 
point is the appropriate name given to it by astronomera. 
Now, the longitude of this point is 142°, or thereabout. 

The apparent radiation from this point is an cficct of 
perspective ; hence we gather that the paths of the meteors 
are parallel, or nearly ao, and that the meteors themselves 
all travel in straight lines from the radiant-point. 

3IZ. Orbits of the Ueteors. — By careful observations 
of the radian^point it has been determined that the orbit 
of each member of the November star-sbower, and there- 
fore of the whole mass, is an ellipse with its periheUon 
lying on the Earth's orbit, and its aphelion just beyond 
the orbit of TJranus ; that its inclination to the plane of 

tlced! What la meant by the Bad^an^pointf How !a It sitnatfld t Tombatia 
the spparMit rafllatlon from this point flue ? What condnsions do we draw 
(com thiB ! 312. Wbut baa heea eatahllshed with respect to the oiUt of the me- 
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the ecliptic is 1V°; and that the direction of the motion 
of the meteora is retrograde. 

Up to the present time 66 such radiant-points have 
been determined, which possibly indicate 56 similar 
groups moving round the Sun in cometary or planetaiy 
orbits. The meteors of particular showers vary in their 
distinctive characters, some being larger, brighter, and 
more mddy, than others — some swifter, and drawing after 
them more persistent trains, than those of other showers. 

313. Cause of the Luminous Appearance. — Let us now 
take the ease of a single meteor entering our atmosphere ; 
why docs it present such a brilliant appearance? 

In the first place, we have the Earth travelling at the 
rate of 1,100 miles a minute, plunging into amass of bodies 
whose velocity, at first equal to its own, is soon increased 
to 1,800 miles a minute by the Earth's attraction. The 
meteoric body enters our atmosphere at this rate-— 30 
miles a second. Its motion is soon arrested by the friction 
of that atmosphere, which puts a brake on it, as it were, — 
and it becomes hot, juat as the wheel of a tender gets hot 
under similar circumstances, or a cannon-ball when the 
target impedes its further flight. So hot does it get that, 
at last, as great heat is always accompanied by light, we 
see it; it becomes vaporized, and leaves a train of lumi- 
nous vapor behind it. 

Heat reaulta from the stoppage of any mechanical force, in proportion 
to the amount of force stopped. The number of meteora is linown to be 
immense; multitudes beyond conception may exist in the planetary 
space'! ; it has been thought, as already stated, that the Zodiacal Light 
may even be due to a great ring of tbeae little bodies surrounding the 
Sun and reBectlng its light. Now, putting these facts together, some 
philosophers hare attempted to aooount for the constant supply of solar 
heat, kept up without perceptible diminution from century to century, 
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by a nbu n a the stoppage in the solar atmosphere of a succession 
of meleo o bod s flying toward iho Sun with an enormoua velocity, 
a ce e a ed by he solar attraction nntil they enter this atmosphere, 
when their fo e a extinguished by its resistance. 

314. Size and Distance ttom the Earth. — All the parti- 
cles which compose the November shower are small; it 
has been estimated that some of them weigh but two 
grains, and that comparatively few exceed a pound. They 
be^n to burn at a height of 74 miles, and are burnt up 
and disappear at an elevation of 64 miles; the average 
length of their visible paths being 42 miles. It ia sup- 
posed that the November-shower meteors are composed 
of more easily destructible or more inflammable materials 
than afirolitic bodies. 

315. Other Stai-showera, — What has been said about 
the appearance of the November meteors applies to the 
other star-showers, particularly those of August and 
April, the meteors of which also travel round the Sun in 
cometary orbits. In fact, there is reason to believe that 
three bodies which were observed and recorded as comets, 
were really nothing but meteors, and belonged one to the 
November, one to the August, and one to the April group. 

The August Meteors appear about the loth of that 
month, their radiant-point being in the constellation Per- 
seus, and their number inferior to that of the November 
meteors. It is believed that they are distributed, though 
in unequal numbers, along their entire orbit, and that this 
orbit is considerably inclined to the plane of the ecliptic, 
and extends beyond the orbit of Neptune. 

316. Detonating Meteors. — In the case of the Novem- 
ber and August meteors and shooting-stars generally, the 

supply of solar bcatf 314. What U the size of the particles that compose the 
^oTember Eibuwcr? What is their bei^^htt Of what kind of matsiialB are they 
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fore called Sporadic Meteors, belong to groups or not, 
although, like the star-showers, they are most common 
at particular dates. As they are independent of geo- 
graphical position, it haa been thought that there may 
be some astronomical and perhaps a physical difference 
between them and the ordinary shooting-stare. 

319. Showers of Aerolites. — Meteorites of considerable 
size occasionally reach the Earth's surface, by which men 
and cattle have been killed, and buildings set on fire. 
They sometimes fall in showers. 

Among the largest a6rolitic falls of modern times, we 
may mention the following. On the 26th of April, 1803, 
at 2 P.M., a violent explosion was heard at L'Aigle, in 
Normandy, a luminous meteor having appeared in the air 
■with a very rapid motion a few moments before. Two 
thousand stones fell, so hot as to burn the hands when 
touched. The shower extended over an area nine miles 
long and six miles wide, close to one extremity of which 
the largest, of the stones, weighing nearly twenty-four 
pounds, was found. 

A similar shower of stones fell at Stannem, between 
Vienna and Prague, on the 22d of May, 1812, when two 
hundred stones fell on an area eight m.iles long by four 
miles wide. The largest stones in this, case were found, 
as before, near the northern extremity of the ellipse. A 
third stone-fall occurred at Orgueil, in the south of France, 
on the evening of the 14th of May, 1864, The area over 
which the stones were scattered was eighteen miles long 
by five miles wide. 

At Kuyahinza, in Hungary, on the 9th of June, 1866, 
a luminous meteor was seen, and an aSrolite weighing sis 
hundredweight, and nearly one thousand smaller stones, 
fell on an area measuring ten miles in length and four in 
width. The large mass was found, as in the other cases, 
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at one extremity of the oval area. The fall was followed 
by a loud explosion, and a smoky streak was visible in the 
sky for neaily half an hour. 

320. Chemical Compositloii of Keteorites. — A chemical 
examination of the fragments of meteorites shows that, 
although in their composition they are unlike any other 
natural product, their elements are all known to us, and 
that they consist of the same matenals, though in each 
variety some particular element may predominate. In the 
main, they are composed of metallic iron and various com- 
pounds of silica, the iron forming as much as 95 per cent. 
in some cases, and only 1 per cent, in others ; hence the 
division into the three classes referred to in Art. 317. 
The iron is always associated with a certain quantity of 
nickel, and sometimes with cobalt, copper, tin, and chro- 
mium. Among the silicates may be mentioned augite, 
and olivine, a mineral found abundantly in volcanic rooks. 

Besides these substances, a compound of iron, phospho- 
rus, and nickel, called schreiberzite, is generally found ; this 
compound is not a natural terrestrial product, but has been 
artificially produced. Carbon has also been detected. 

3Z1. The chemical elements found in meteorites up to 
the pr^ent time are as follows : — 

Metalloids : — Oxygen, sulphur, phosphorus, carbon, 
silicon. 

Metals: — ^Iron, nickel, chromium, tin, aluminum, mag- 
nesinm, calcium, potassium, sodium, cobalt, manganese, 
copper, titanium, lead, lithium, strontium. 

322, Stniottire of Meteorites. — The structure of meteor- 
ites having been carefully studied with the microscope, it 
has been ascertained that the matter of which they are 
composed was certainly at one time in a state of fusion ; 

Knell. At Kiijahinza. 320. Wliatfa ehown bjacliemkal examination oftlie frag- 
menlBormuteoritcet Of whatare thejcorapoBcdln Ulenininf What ate tbund 
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and that the most remote condition of which we have posi- 
tive evidence was that of small, detached, melted globules. 
The formation of these cannot be satisfactorily explained 
except by supposing that their constituents were originally 
in the state of vapor, as they now exist in the atmos- 
phere of the Sun ; and that, on the temperature's becoming 
lower, they condensed into these " ultimate cosmical parti- 
cles." These afterward collected into larger masses, which 
have been variously changed by subsequent metamorphic 
action, broken up by repeated mutual impact, and often 
again collected together and solidified. Tlie meteoric irons 
are probably those portions of the metallic constituents 
which were separated from the rest by fusion, when the 
metamorpfaism was carried to that extreme point. 



CHAPTER XII. 
APPABENT MOVEMENTS OF THE HEAVENLY 



323. In the preceding chaptei-s wo have studied in do- 
tail the whole universe of which we form a part; its 
nebulie and stars ; the nearest star to us — the Sun ; and 
lastly, the system of bodies which centre in this star, our 
own Earth being among them. 

We should now, therefore, be in a position to see ex- 
actly what " the jEarth's place in Nature " really is. We 
find it, in fact, to be a small planet travelling round a 
small star, and that the whole solar system is but a mere 
speck in the universe — an atom of sand on the shore, a 
drop in the infinite ocean of space. 

laJned Tiya micmacoplo eiarainnlion of the Bttncture of meteorites ( Bow ia 
theformntion of theee detached melted gloljuleaeiplalneclr Whut are tlie mete- 
oric Irons anpposed to " 
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324, The Earth an Observfttory. — But, however uiiini- 
portant the Earth may he, compared with the universe 
generally, or even with the Sun, it Is all in all to us who 
inhahit it, and especially bo in an astronomical light; 
for, although we have in imagination looked at the vari- 
ous celestial orbs from all points of view, our bodily eyes 
are chained to the Earth. The Earth is, in iact, our ob- 
servatory, the very centre of the visible creation; and this 
is why, until men knew better, it was thought to be the 
very centre ofthe actual ona 

More than thk, the Earth is not a _^e(? observatory; 
it is a movable one, and has a double motion, turning 
round its own axis while it travels round the Sun. Hence, 
although the stars and the Sun are at rest, they appear to 
us to move rapidly, and rise and set every twenty-four 
hoars. Though the planets go round the Sun, their circu- 
lar movements are not visible to us as such, for our own 
annual movement is mixed up with them. 

Having described the heavens, then, as they are, we 
mast describe them as they seem. The real movements 
must now give way to the apparent ones ; we must, in 
short, take the motion of our observatory, the Earth, into 
account, 

325, Apparent MovementB, how produced. — To make 
this matter clear, let the Earth be supposed to be at rest, 
neither turning 00 its axis nor travelling round the Sun. 
In that case, the side turned toward the Sun would havo 
perpetual day, the other side perpetual night. On the 
one side, the Sun would appear at rest — there would be 
no rising and setting ; on the other, the stars would be 
Been at rest in the same manner. The whole heavens 
would be, as it were, dead. 

solar system ! SM. What makes the Eattli important to na, !n an astroBomlcal 
polntofyiewf Wliat kind of an observatorj' le the Earth! What apparent mo- 
tions are the reanlt of the Earth's real moliona ? Why do not the planets appear 
to more in circles T What movemonts are we now to consider t KS. If the 
Earth had no motion at all, what would follow ! If the Earth tnmcd on its axis 
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AgMn, let us suppose the Earth to go round the Sun 
as the Moon goes round the Earth, turning once on its 
axis during each revolution, which would result in the 
same side of the Earth always being turned toward the 
Sun, The inhabitants of the illuminated hemisphere 
■would, as before, see the Sun motionless in the heavens; 
lout in this case, those on the other side, although they 
would never see the Sun, would still see the etai's rise and 
set once a year. 

These examples show how the Earth's real movements 
produce the various apparent movements of the heavenly 
bodies. The latter are mainly of two kinds — Daily Ap- 
parent Movements and Yearly Apparent Movements ; the 
first being due to the Earth's daily rotation on its axis, 
and the second to the Earth's yearly revolution round the 
Sun. In each case the apparent movement is, as it were, 
a reflection of the real one, in the opposite direction ; ex- 
actly what one observes when travelling smoothly in a 
railroad train or balloon. When we travel in an express 
train, the objects appear to fly past us in the opposite di- 
rection to that in which we are going ; and to the occu- 
pants of a balloon, in which not the least sensation of mo- 
tion is felt, the Earth always seems to fall down from 
them, or rush up to meet them, when the balloon rises or 



The Celestial Sphere. 

326. The Celestial Sphere. — "Wo shall, first study the 
efibcts of the Earth's rotation on the apparent movements 
of the stars. 

The daily motion of the Earth is very different in dif- 
ferent parts — at the equator and poles, for instance. An 

Inil once during each rerolntlon round the Snn, whatwould be the result? What 
Bhould these eiamples show nsT Into what clasaes maj' the apparent thoyb- 
menta he divided f Of what la the apparent movement in eachcBas a reflection? 
lUnstrale thiB. SSfl. Haw dose the dally metiou of the Earth differ In dillbrent 
partB? What shonldwa expect to Bee in conBequeuoe? WhatdowaeeeJ What 
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observer at a pole is simply turned round TFitliout chan- 
ging his place, while one at the equator is swung round 
a distance of nearly 25,000 miles every day. We ought, 
therefore, to expect to see corresponding differences in the 
apparent motions of the heavens, if they are really due to 
the actual motions of our planet. Now, this is exactly 
what is observed. Not only is the apparent motion of the 
heavens from east to west — the real motion of the Earth 
being from west to east — but those parte of the heavens 
which are over the poles appear at rest, while those over the 
equator appear in most rapid motion. In short, the appar- 
ent motion of the Celestial Sphere — ^the name given to the 
visible vault of the sky — to which the stars appear to 
bo fixed, and to which their positions are always referred, 
is exactly similar to the real motion of the terrestrial 
sphere, our Earth ; hut, as we said before, in an opposite 
direction. 

Before proceeding further, however, we must explain 
the terms applied to different parts of the Celestial Sphere. 

327. Celestial Poles and Equator ; Zenith and Nadir. — 
In the first place, as the stars are so far off, we may im- 
agine the centre of the Celestial Sphere to lie either at the 
centre of the Earth or in our eye, and we may imagine it 
as lai^e or as small as we please. The points at which 
the Earth's axia would pierce this sphere, if it were ex- 
tended at each end, we call the Celestial Poles ; the great 
circle lying in the same plane as the terrestrial equator is 
distuiguished as the Celestial Equator, or Equinoctial, 
The point overhead is the Zenith ; the point beneath our 
feet, the Nadir. 

328. Declination and Eight Ascension. — As the Earth 
is belted iij parallels of latitude and meridians of longi- 

iBlhaCekalial Sphere I To wlint is I he apparent motloo of the celestial Hphere 
Biraililr? 3«. Where may we Imairine the ceatro of the cek'stial sphere to lie? 
What is meant by tlie Celestial Poles t What is the Celestial Eqnatflr! The 



,v Google 



DECLINATION AND EIGHT ASCENSION. 177 

tttde, so are the heavens belted to the astronomer -with 
parallels of declination and meridiarts of right ascension. 

If we suppose the plane in which ottr equator lies, ex- 
tended to the stars, it will pass through all the points 
which hare no declination (0°), Above and below this 
plane we have north and south declination, as we have 
north and south latitude, till we reach the pole of the 
equator (90°). 

As we start from tho meridian of Greenwich in recton- 
ing longitude, so do we start from a certain point in the 
celestial equator occupied by the Sun at the vernal equi- 
nox, called the frat point of Aries, in measuring right 
ascension. As we say such a place is so many degrees 
east of Greenwich, so we say such a star is so many hours, 
minutes, or seconds, east of the first point of Aries, 

In short, as we define the position of a place on the 
Earth by saying that its latitude and longitude (in de- 
grees) are so-and-so, in like manner do we define the posi- 
tion of a Jieavenly body by saying that, referred to the 
celestial sphere, its declination (in degrees) and right 
ascension (in time reckoned from Aries) are so-and-so. 

329. Sometimes the distance from the north celestial 
pole is given instead of that from the celestial equator. 
This is called North-polar Distance, and is denoted in 
almanacs, etc., by the initials N. P. D. As the pole is 90" 
from tho equator, the north-polar distance is evidently tha 
complement of the declination — that is, the difference be- 
tween the declination and 90°. 

330. ^he Horizon. — Altitude, Azimuth, etc. — The terms 
defined above apply to the celestial sphere generally. 
When we consider that portion of it visible in any one 

To wfast on the Earth flu tliese lines correapondf WbM in the heavenB cori'e- 
HpoDd to latitude and lonf^lodD on the Enrth ( FTOm what ia decltnntiOB mciw- 
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place, or the sphere of oiservation, there are other terms 
employed, which we proceed to explain. 

In any place the visible portion of the celestial sphere 
seems to rest on either the Earth or the sea. TJie line 
where the heavens and Earth seem to meet is called the 
Visible or Sensible Horizon; the Plane of the Visible 
Horizon meets the Earth at that point of the snrface 
which is occupied by the observer. The Kational, or True 
Horizon, is a great circle of the heavens, the plane of 
which is parallel to the former plane, but which, instead 
of being a tangent to the Earth's snrface, passes through 
its centre. 

331, A Vertical Line is a line passing fi-om the zenith 
to the nadir, and therefore through the observer; it is 
clearly at right angles to the planes of the horizon. 

332, If it is desired to point oat the position of a 
heavenly body, not on the celestial sphere generally, hut 
on that portion of it visible above the hoiizon of a place 
at a given moment, this is done by determining either its 
altitude or zenithrdistaTiee, and its azimuth (instead of its 
declination and right ascension). 

Altitude is the angular height above the horizon. 

Zenith-distance is the angnlar distance from the zenith. 
As the zenith is 90° from the horizon, the zenith-distance 
is evidently the complement of the altitude — that is, the 
difference between the altitude and 90°. 

Azimuth is the angular distance between two planes, 
one of which passes through the north or south point 
(according to the hemisphere in which the observation ia 
made), and the other through the object, both passing 
through the zenith. Aamuth is to Altitude what longi- 

Where doee the Plane ot tho Viniblo Horizon toucli tlio Earth f Wbnt is the Ka- 
tional or Trae Ilorizon f 331. What Is a Vertical Line P 333. How is the posi- 
tion of B hssveniy hody pointed ont on that part of tlie csiostial sphere which i9 
YiBihie ahoTe tha horizon of a piaco at a glysn niomont t Wliat ia Allitude 7 
WhatiaZenlth-dJstancef What relation do thty hear to each other? What is 
A^lmaQiP What relation does luiinolh bear to aHltnde f 333. Wluit Is meanl 
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tude is to latitude, or what right ascension is to declina- 

333- The Celestial Meridian of any place is the great 
circle on the sphere corresponding to the terrestrial 
meridian of that place, cutting therefore the north and 
sonth points. 

Ihe prime Vertical ia another great circle passing 
through the eaet and west points and the zenith. 

Apparent Movements of the Stars, 

334. Rising, Culmination, and Setting of the Stars. — 
We are now prepared to proceed with our inquiry into 
the apparent movements of the celestial sphere. "We shall 
continue to speak of the Sun or a star as rising or setting, 
although the student now understands that it is, in fact, 
the plane of the observer's horizon which changes its 
direction with regard to the heavenly body, in consequence 
of its being carried round by the Earth's motion. When 
a star ia bo situated that it is just visible on the eastern 
horizon, it ia said to rise. When the rotation of the 
Earth has brought the plane of the horizon under the 
meridian which passes through the star, the latter is said 
to culminate or pass the meridian. When the plane of 
the horizon is carried to the nadir of the point it passed 
through when the star first became viaihie, the atai- 
appears on the opposite — that is, the western — horizon, 
and is said to set. 

335. Apparent Kovements, as seen &om Different Farts 
of the Earth. — Let Fig. 70 represent the celestial sphere, 
and N an observer at the north pole of the Earth, To 
him the north pole of the heavens (JV) and the zenith 
{Z) coincide, and his true horizon ia the celestial equa- 

bytheCeleatlatMeriOUiofanyplace? Whnt Is the Frirae Vertical f 8M. Wbon 
wc Bpeok of tlie Sun or a star as rising or eettln/c, what do we really mean f When 
itef 83K. WlUi Fig. TO, eipl^nilie apparent moTementB 
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tor. Above his head is the pivot on which the heavens 
appear to revolve, as beneath his feet is the pivot on which 
the Earth actnally revolves; 
and round this point the stars 
appear to move in circles, 
which get larger and larger 
5 the horizon is approached, 
I The stars never rise or set, 
but always keep the same dis- 
tance from the horizon. The 
observer is merely carried 
roand by the Earth's rota- 
tion, and the stars seem to be 
° carried round in the opposite 
Spbebe. direction. 

336. "We will now change our position. In Fig. 71 
the celestial sphere is again represented, but this time we 
suppose an observer, Q, at its centre, to be on the Earth's 
equator. In this position 
we find the celestial equa- 
tor in the zenith, and the 
celestial poles PP on tlie 
true horizon, and the stars, 
instead of revolving round 
a fixed point overhead, and 
never rising or setting, rise 
and set every twelve hours, 
travelling straight up and 
down along circles which 
D get smaller and smaller as 
FBOM inB eqttatob. a EiGUT SfUEBK. ^^ leavG the zenith and 
approach the poles. The spectator is carried up and down 
by the Earth's rotation, and the stars appear to be so carried. 
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337. Yet another figure, to show what happens half- 
way between the polos and the equator. At 0, in Fig. 
12, we imagine an observer to be placed on our Earth in 
latitude 45° (that is, half-way between the equator in 
lat. 0°, and the north pole in lat. 90°). Here the north 
celestial polo will be 
half-way between the 
zenith and the hori- 
zon (see Figs. JO and* 
VI) ; and close to the 
pole he will see the 
V stars describing cir- 
cles, inclined, how- 
ever, and not retain- 
ing the same dis- 
tance from the hori- 
zon. As the eye 
leaves the pole, the 
ise and set 
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Pig. ra.— Celestial Sphebk, tiewed ti 



aMib- 



.» OBUijDB Sphbbe. dD' rep- obliquely, and de- 

reeeniB tbe npparttitpatli of u ctrcampolaratar: -v i ■ i 

s B' B". the path Biid rising and. esttii^ points scnbe larger Circles, 

of an equatodfll star; C C C" e.a&AA'A'\ ttinsc ctraduallv dinpillff 
of alarB of mia-dedlnatLon, one nonii and the ® J fC S 

other aonth. more and more un- 

der the horizon, until, when the celestial equator, S B' _B*, 
is reached, half their journey is performed below it. 
Farther south, we find the stars rising less and less above 
the horizon ; and finally, as there were northern stars that 
never dip below the horizon, so there are southern stars 
which never appear above it. 

To observers in lat. 45° south, the eoathem celestial 
pole is in like manner visible; the stars we never see in 
the northern hemisphere, never set ; the stars which never 
set with «s, never rise ; the stare which rise and set with 
us, set and rise with them. 
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338. Stars visible in Different Latitudes. — Now let the 

celestial spliere be divided into two hemispheres, a northern 
and a southern : it is evident that an observer at the north 
pole sees only the stars of the northern liemisphere ; one 
at the south pole, only those of the southern ; while one at 
the equator sees both. An observer in a middle north 
latitude sees all the northern stars and some of the 
southern onea ; and another in a middle southern latitude 
■ sees all the southern stars and some of the northern ones, 
Henoe, in middle latitudes, and therefore in the United 
States, we may divide the stars into three classes : — 
■ I. Those northern stars -which never set (northern 
circumpolar stars). 
II. Those southern stars which never rise (southern 
circumpolar stara). 
m. Those stars which both rise and sot. 

339. It is easily gathered from Figs. 70, 71, 72, that the 
height of the celestial pole above the horizon at any place 
is equal to the latitude of that place ; for at the equator, 
in lat. 0°, the pole was on the horizon, and consequently 
its altitude was nothing ; at the pole, in lat, 90°, it was in 
the zenith, and its altitude was therefore 90°; while in 
lat, 46° its altitude was 45". Accordingly, at New York, 
in lat. 40|;<', its altitude will be 401° ; hence, stare of less 
than that distance from the pole will always be visible, as 
they will be above the horizon when passing below the 
pole. All the stars, therefore, within 40f of the north 
pole will form Class I, ; all those within 404° of the south 
pole, Class 11, ; and the remainder — ^that is, all stars from 
49i= N. (90°~404°=49i°) to 49i S. will form Class III. 

Csnolht 339. WliatstaraareviBlMetosnobeerrePallhonorth pole? At Bib 
fouth polar At the equator t In a mfdfllB nortbom Ifltitndet In a middle 
Bouthern latltn^et In middle laHtnBes, how may the stare he diTided! 339. 
What ia the height of the celestial pole flboTe the horizon nt any place ( Illas- 
trnie this in the case of New York, and Btate what atare will there lielotis 10 
each of tho three clUBHea juat apeciied. Whatatara belong to each of the three 
dasBCf , in the latitude in which yon lite t 34). What may be used nilL adtan- 
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340. Use of the Globes. — In these and similar inqukies 
the use of the terrestrial and the celestial globe is of great 
importance. To use either properly, we must begin by 
making each a counterpart of what is represented; that 
is, the north pole must be north, the south pole south, and 
the asls of either globe must be made parallel to the 
Earth's axis. To find the north point, a' compass may be 
used, allowance being made for its variation from the 
true meridian, as established for the time and place in 
question. 

The brazen meridian being thus made to run due 
north and south, the pole — the north pole in our case — 
must be elevated to correspond with the latitude of the 
place whei'p the globe is used. At the poles this wouid 
be 90°, at the equator 0", and at New York 401°. The 
wooden horizon, if perfectly level, will then represent the 
true horizon of the place. 

If we now turn the terrestrial globe from west to 
east, we exactly represent the Earth's motion ; and, turn- 
ing the celestial globe from east to west, we have an exact 
representation of the apparent movements of the stars 
for the place in question. It will be seen that some stars 
never descend below the true horizon, while others never 
rise-above it, 

341. Position of the ITortli Celestial Pole. — At the 
present time the north celestial pole lies in Ursa Minor, 
and a star in that constellation very nearly marks the 
position of the pole, and is therefore called Polaris, or the 
Pole-star. The direction in which the Earth's axis points 
is not always the same, although it varies so slowly that 
a few years do not make much difference. As a conse- 
quence, the position of the celestial poles, which are the 

tai^e In these inquiriss ? How are the globes prepared for nee T How may the 
Earth's motioH and the apparent motomeiits of the stars be eiactly repreaented f 
au. Wlicre is the north celestiBl pole at present stluateii f Wliat Klar marks its 
positioar What caaaeB change In the position ol the celestial piiteB f 3412. What 



,v Google 



184 



APPARENT MOVEMENTS OF THE 6 



points where the Earth's axis prolonged would strike the 
celestial sphere, varies also, 

34Z. The Circumpolar Uonstellations, — One of the most 
striking northern circumpolar constellations is Ursa Major 
or the Groat Bear (see Fig. 1?, p. 30), also called Charles's 
Wain and the Plough. Seven bright stars in this eon- 
Btellation (connected by lines in Pig. 17) form what is 
called the Great Dipper, three making the handle and 
four the howl. The two stars of the bowl wliich are 
ferthest from the handle (Merak and Dubhe) are called the 
Pointers, because the straight line which connects them 
points very nearly to the north polo, in whatever position 
the constellation may be. This will be seen from Fig, 74, 

The Pole-star, readily found with the aid of the Point- 
ers, is at the extremity of the tail of the Little Bear, and 
unites with sis other stare of that constellation to form 




Fig. 13). This resembles the 



Flu. 73.— The Nori 

the Little Dipper (i 

is one of the moat atrlkfng of the norlbem circumpolar corateliatlona ? 
How !a tho Grent Dipper formedJ Wliat alorB are ealted the Pointere, 
and why? In whot constellation is tho Pole-star? What does It help lo 
form! Name the other mora important Eotiheta eircnmpokr constellatioua. 
Wliul Is Casaiopea aometlmes called, and whjt 313. What are the principal 
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Great Dipper in shape, but is smalicr and formed of less 
bi-illiaat stars. 

The other more important northern circumpolar con- 
BtellatioDS are Cassiopea, Cepheus, Camelopardalus, and 
Draco. Seven, stars in Cassiopea form what may be fan- 
cied to be the outline of a chair (see Fig. 73), and hcnco 
this constellation is sometimes called the Lady's Ch^r. 

343, The principal southern circumpolar constellations 
are Crux (the Cross), Triangulum Australe (the Southern 
Triangle), Ara (the Altar), Pavo (the Peacock), Toucanus 
(the Toucan), Hydras (the Water-snake), and Dorado (the 
Sword-fish). All these can be found on the Celestial Chart 
of the Southern Hemisphere, The other constellations 
mentioned in Arts. 55, 56, and 6J, belong to Class HI., 
both rising and setting to observers in the United States. 

344. Period of the Apparent ffiovemente of the Celes- 
tial Sphere. — As 
the Earth's ro- 
tation is accom- 
plished in 23b. 
54m. 568,, it fol- 
lows that the ap- 
parent move- 
ment of the ce- 
lestial sphere is 
completed in that 
time; and were 
there no clouds, 
and no Sun to 
eclipse the stars 
in the daytime 
by his superior 
brightness, we 

BouUiem drcumpolsT cosetellutlona ? To wbat 
tlone 1)e1oD^'! 344, lu what time Is the sppare: 
Bpliete completed, nuii why f If fhete were 




I clODdti, ivhat ahonid i 
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Bhould see the grand procession' of distant worlds ever de- 
filing before us, and commencing afresh after that period. 
The circumpolar constellations would be seen to make a 
complete revolution round the Pole-star. The Great Dip- 
per, for instance, would at intervals of six houi-s occupy 
the difierent positions shown in Fig. 74, 

345. Effect of the Earth's Yearly Sevolutioa on the 
Apparent movements of the Stars. — We ace stars only at 
night, because in the daytime the Sun puts them out ; and 
the particular stars we see on any given night are those 
which occupy that half of the celestial sphere opposite to 
the Sun. Kow, as we go round the Sun, we are at differ- 
ent times on different sides, so to speak, of the Sun ; and 
if we could see the stai-s beyond him, we should see them 
change. But what we cannot do at mid-day, In conse- 
quence of the Sun's brightness, we can easily do at mid- 
night ; for, if the stars behind the Sun change, the stars 
exactly opposite to his apparent place will change too, 
and these we can see in the aoath at midnight. 

It is clear, in fact, that in one completo revolution of 
the Earth round the Sun every portion of the visible celes- 
tial sphere will in turn he exposed to view in the south at 
midnight. As the revolution ia completed in 365 days, 
and there are 360° in a great circle of the sphere, we may 
say that the portion of the heavens visible in the south at 
midnight advances about 1° from night to night. This 1° 
is passed over in i minutes, as the whole 360° are passed 
over in nearly 24 hours. 

346. This advance is a consequence of the difference 
between the lengths of the day as measured by the fixed 
Stars and by the moving Sun. As the solar day is longer 
than the sidereal day, the stars by which the latter is 

Bee! What would the clroqmpolar conBtellfltlona be Bep.n to do t M5. What 
oihorchangeiaseen in the heavens, and to what fe it due! At what ralednCB 
Ihs poMiOQ of the heavens uieible in the south at midniBht advance, aqd whj 7 
840. 0[ nhat is UiiB advance a coneequeace T Han do the aolac and the tild«real 
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measured gain upon the former at the rate we have 
mentioned ; so that, as seen at the same hour on successive 
nights, the whole celestial vault advances to the west- 
ward, the change due to one month's apparent yearly mo- 
tion heing equal to that brought about in two houra by 
the appai-ent daily motion. 

Hence the stars south at midnight (or opposite the 
Sun's place) on any night, were south at 2 a. m. a month 
previously, and so on; and will be south a month hence 
at 10 o'clock p. M., and so on, 

347. How to Identify the Stars in the Sky. — A knowl- 
edge of the various stars and constellations may be ob- 
tained with the aid of a celestial globe.* We first, as 
already stated, pla«e its brass meridian in the plane of 
the meridian of the place in which the globe is used, and 
make the axis of the globe parallel to the axis of the 
Earth and the heavens, by elevating the north pole until 
its height above the wooden horizon is equal to the lati- 
tude of the plaee. We next bring under the brazen me^ 
ridian the actual place in the heavens occupied by the Sun 
at the time ; this place is given for every day in the alma- 
nacs. We thus represent exactly the position of the 
heavens at mid-day, and the index is then set at 12 ; for 
it is always 12, or noon, at a place, when the Sun is in the 
meridian of that place. Then, if the time at the place is 

li nndoubtBdJy superior to any celestial 

acquaintaDCB with the etara. Thla ineeuioua uinHTiineni, em lor a givon aay 01 
Ihe inoutli aod a given hour and minute, held niUt Uie zcnlUi oTcrhoad, and the 
eitremlt? of the meridian marked north toward the uortli, ehowe Ihe eonstella- 
tlosB and principal etace visible at the time (and only these) in the exact posi- 
tions Abieb they then occnpy in the boavcnB, so that they can be dielin^ulshed 
and named with the utmost eaeo. A variatyof problems may be solved with the 
Pionisphere. the use of which Invests the study wltba practical intoroat which is 
truly surprlBlng.—AflwrtOTn Editor. 

da; compare in lenglb? In how long a time will the dally motion produce 
changes equal to thoae produced by one month's yearly mciiion * What ftillowa 
with respect to the stars south at midQiKbt on any given night f 3«. Howmny 
a knowledge of the slsrs be abtatned! Bow Is tbe globe reetiflcdF Whenlti* 
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aft«r noon, we turn the globe from west to east — if before 
noon, from east to west — till the index and the time cor- 



Whcn the globe has thus been rectified, as it is called, 
we have the constellations which are rising on the eastern 
horizon, just appearing above the eastern part of the 
wooden honzon. 'ITiose setting are similarly near the 
western part of the wooden horizon. The constellations 
in the zenith at the time will occupy the highest part of 
the globe, while the constellations actually on the merid- 
ian will lie underneath the brazen meridian. 

348. Farther, it is easy at once to see at what time any 
stars will rise, culminate, or sot, when the globe is recti- 
fied in this manner. All that is necessary is, as before, to 
bring the Sun's place, given in the almanac, to the me- 
ridian, and set the index to 12. To find the time at 
which any star rises, we bring it to the eastern edge of 
the wooden horizon, and note the time, which is the time 
of rising. To find the time at which any star sets, we 
bring it similarly to the western edge of the wooden hori- 
zon and note the time, which is the time of setting. To 
find the time at which any star culminates, we bring the 
star under the brazen meridian and note the time, which 
is the time of meridian passage. 

349. In the absence of the celestial globe [or plani- 
sphere], the student will derive assistance from the follow- 
ing table, which indicates the positions occupied by the 
constellations at certain hours during each month in the 
year. The constellations should be looked for in the sky 
in the positions specified, and compared with the Celestial 
Chart at the end of the volume, where the names of the 
bright stars they contain wili be found. The stars in 

thns recllfled, where are the conalollstionB rbing, Betting, and at the zenllh, 
reapectivolj eecn f 348. How can It be found when a given stai- will rise, set, or 
eulmlnole? 349. What Is lunjlBhed, to old the Btttdeat In flndingthe etars and 
conBlcUfttionB, In the ;ihaonoe of the celesflal globe or planiephare ! What euj;- 
gestlona are mode as to the nee of the table! 
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theii- vicinity may then be traced. A little study and a 
few coaiparisonB of the heavens with the chaits will aoon 
familiarize the pupil with the principal stai-s and constella- 
tions, and their relative positions, 

CONSTEJLLATIONS VISIBLE IN THE UNITED STATES ON 

DIFFEBENT EVENINGS THEOUGHOUT THE TEAR.* 

Jaw. 20, 10 P.M. 

(Feb. 4, 9 P. M. ; Feb. 19, 8 p. m. ; Dec. 31, midn't; Jan. fi, 11 p.m.) 

If—S, Draco,piJtem,Camelopordalus,*Auriga, Orion, Lepus, 

Columba Noachi. 
E— TV. Leo, Cancer, * Arioa, Oetus. 
NE— SW. Oanea Venatici, Ursa Major, Lyns, ^ Tam'iis, Eridonns. 
8E— N"W. ilonoceros, Gemini, ^ PeraenB, Andromeda. 

Look for Oapella a little west or north west of the zenith; 
aad Betelgease, or a Orioiia very near the mer dian, aboat one- 
third of the way from the aooith to the so thtrn horizon. A 
little west of Betelgeuae is Bellatris 

Feb 30 9J r m 
(Feb.3'r,9p.M.;Mai-.15,8p M Jm 13 nidnt Jtn. 28, 11p.m.) 
BT— -8. Draco, TTrsa Mmor, polaria, *Lyiis, Gemini, Canis 

Minor, Monoceros, Ship Argo. 
E — W. Virgo, Leo Minor, ^ Anriga, Tanrus. 
NE — SW. BoStea, Oanea Venatici, Ursa Mi^or, * Orion, Eridanua. 
SE — NW. Hydra, Leo, ,, Perseaa, Andromeda. 

Look for Castor very near the zenith, a little to the west. 
Near it ia Pollus, on the meridian, and in the zenith in tat. 31°. 
Procyou, in Oania Jfinor, is very nearly on the meridian, ahont 
one-third of the distance from the zenith to the sonthem horizon. 
The Milky Way will be seen mnning along the heavens, in a 
onrve west of the meridian and not far diatant from it, from the 
northern to the sonthem horizon. 

Marou 21, 10 p.m. 
(Apr.5,9p.M.; Apr. 20, 8 p. m. ; Feb. 19, midn't; Mar. 6, 11 p.m.) 

5a that the lenllh (!n lat. 40°, to which 

serve for any lat. in tlie U. 9.) eopa- 

nslellntloaa hetn^eu nhich tbe BBterisk it placed. Wheo the na- 

d to sd; conatfllatioD, tbo CDUStoUaEloii itacif occupies the Eonith. 
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N — S, Copheus, polaris, TIrsa Major, * Loo Minor, Leo, H jdra, 
E — W, Virgo, Ooma Berenices, ^ Gemini, Orion. 
NE— SW. Hercules, Corona Bcrealia, Bootes, Oanes Venatici, ^ 

Cancer, Monooems, Oanis M^or 
8E — NW, Hydra, Virgo, j. Ljnx, Oamclopardalus, Perseus. 

Look for KegaluB, tlie brightest stai of the Lion on the 
meridian, nearly one-third of tlie way from the zenith to the 
Bouthern horizon. 

Apbil 20, 10 p. M. 
(May6,9p,M.; May 20, 8 p. w. ; Mar. 20, midn't ; Apr. 5, 11 p.m.) 
N — 8. Oaasiopea, Cepheua, polaru, TJraa M^or, ^ Coma Bere- 
nices, Virgo, Coryns. 
E — W. Ophinchus, Hercules, Corona Borealis, Bootes, Oor 
Oaroli, ^ Leo Minor, Cancer, Oanis Minor, Mono- 

NE — 8W. Lyra, Draco, „ Leo Minor, Loo, o Sydrcs. 
8E — NW, Libra, Bootea, ^ Lyni, Auriga. 

Look for Deaebola, or ^ ieojiis, a short distance west of the 
meridian, and a little leas than i of the way from the zenith to 
the southern horizon. Alpha (a) HydT<B, in the south-west, 
otherwise culled Cor Bydrm and Alphard, is a variable star, 
ranging from the second to the third magnitude. It can be easily 
found from the fact that there is no other large star near it. 

May 21, 10 p.m. 
(June 5, 9 p. M. ; May 38, 8i p. m. ; May 6, 11 p. m, ; Apr. SO, midn't.) 
N — 8, Cassiopea, polaris, >i Urem Mc0ori» or Aehair, ,, Are- 

turut or o BootU, Virgo, Centanrus. 
E— "W. Aquila, Hercules,' ^ Oanea Venatici, Oor Oaroli, Loo 
Minor, Leo, a Hydra. 
KE — SW, Vulpeoula et Anser, Lyra, Hercules, * Coma Berenices, 

Virgo, Crater. 
SE— NW. Scorpio, Ophiuohns, Borpens, Bootes, * TJrsa Major, 
Lyns, Gemini, 
Look for Spica, or a Virginia, west of the meridian, and more 
than half-way from the zenith to the southern horizon. 

June 21, 10 p.m. 
(July 6,9p.m.; JHne39,HP.M.; June 5, 11 p.m.; May 22, midn't.) 
N— S. Camelopardalus, pglaris, Ursa Minor, Draco, *Her- 
cules, Serpens, Scorpio, 



,v Google 



ON DIFFERENT EVENINGS OF THE YEAH. 191 

E — W. Delphinus, Vulpeeula et Anser, Ljra, ^ Bootca, Canes 
Venatioi, Coma Berenices, Leo. 
NE — SW. Pegasus, Cygniis, , Bo6teB, Virgo. 
SE— NW, Sagittarius, *Hercules, Ursa M^^jo^, Ljnx. , 

July 22, 10 p. m. 
(Aug. 5, 9 p. M. ; July 30, 94 p. M. ; July 7, 11 p. m. ; June 32, midn't.) 
N — 8, Camelopardalus, polaria, Draco, ^ Ljra, Sagittarius. 
E — W, Pegaaua, Oygniis, ^ Bootes, Virgo. 
NE— SW, Andromeda, Cephena, ^ Hercules, Serpens, Libra. 
SE— NW. Caprioornus, Delphinus, Vulpecala et Anser, Ljra, 
^ TJrsa M^'or, Leo Miaor. 
Look for the bright star a I^ra, oUierwise called Vega and 
Lyra, very near the zenith, a little east of the meridian, Noi-th- 
east of Vega, and very near it, is e Lyr<B, the remarkable double- 
double star described in Art. 66, 

Ac», 33, 10 P. M. 
(Sept, 1, 9 p. M, ; Aug. 31, 9^?. M. ; Aug. 8, 11 p. m, ; July 24, midn't.) 
N — S. Camelopardalus, polarity Cepheus, Draco, *Oygmis, 
Vu!p. et Anser, Delpliinua, Antinous, Capricornna, 
E — W, Pisces, a Andromedm or AlpTieraU, * Lyra, Hercules, 
Serpens, Libra. 
HE — SW. Perseus, Andromeda, *Cygnns, Ophiuchus. 
SE— FW. Ac[iiariu9,Pegasus,,i, Hercules, Bootes, Canes Vonatici, 
Nearly midway between the zenith and the eastern horizon, 
look for the Square of Pegaaua, formed by four double stars of the 
second magnitude, Scheat and Markab at the western angles, and 
Alpherata (a Andromedm) and Algenib {y Peg<m) at the eastern. 
The two stars last named are on the First Meridian, and with Caph 
(/) Omsiopea), which is on the same line 30° north of Alpheratz, 
and Polaris, serve to define the position of the great circle from 
which right asoenaion is measured. 

Sept. 23, 10 P. m. 
(Oot. le, SJp, M, ; Oflt. 1, 9S p. M. ; Sept. 7, 11 p. m. ; Aug. 24, midn't.) 
N — S. ITrsa Major, polaru, Oepheus, + Pogasua, Aquarius, 

Piscia AuBtralis. 
E — W. Aries, Andromeda, f, Cygnus, Ophiuchus. 
NE — 8W, Aariga, Cassjopea, ^.Delphinus, Antinous, Sagittarius, 
SE — SW. Cetus, Pisces, a Andromeda), * Oygnus, Uerculea, 
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Oct. 23, 10 p.m. 
(Nov. T, 9 p. M. ; Nov. 28, 8 p. M. ; 8ept.33,midn't; Oct. 8, 11 p.m.) 
N — S. XJraa Mejor, polarU, Oasaiopea, * Andromeda, Pisces, 

Cetus. 
E— W. Orion, Taurus, Per8eTia,j,Pegasus,DclphinuB,Antiiic.a8. 
HE — BW. Gemini, Auriga, Perseus, ^ Pegasus, Aquarius, Oapri- 

coi'nus. 
SE— SW. Eridanus, Cetus, Aries, * Andromeda, Oygnus, Lyra, 
Hercules. 
Tlie meridian now very nearly eorreaponds witb the Firat 
Meridian. Oaph, or /J GasdopeiB, will be found nearly due nortk 
of the Kenith, and AlpheraU and Algenib a few degrees south of 
the zenith. Fonialhaut, a first-magnitude atat in Piscia Auatralis, 
is on the meridian at 38 minutes past 8, Oct. 23, and may bo 
seen near the aouthem horizon. 

Nov. 33, in P.M. 
(Doc.7,9p.m,; Bee.23, 8 p.m.; Oct. 33,niidn't; Nov. T, II p.m.) 

N — 8. !? Ursm Majorkf Draeo, pola/ri», *Perseua, Trian- 
gulum, Ai^es, Cetus. 

E— W. Monoceros, Auriga, , Andromeda, Pegasus, Aquariua. 
ITE— SW, Cancer, Lynx, * Pisces, Aquarius, Piscis Auatralis. 
8E— NTV. Lepus, Orion, Taurus, * Andromeda, Oygnus, 

Look for the triple star Almaact, or y Andromeda^ very near 
the zenith; in its neighborhood is an elliptical nebula, deacribed 
in Art. 06. A little west of Alniaaek is a nebula of minute stars 
visible to the naked eye, supposed to be the nearest of all the 
great nebulra. The variable star Mira, .described in Art. T4, is 
now almost on the meridian, about haJf-way between the zenith 
and the southern horizon. The interesting star Algol, or ^Permi 
(Art. 7S), will be on the meridian, and at the zenith in lat. 40°, 
at 47 minutes past 10, Nov. 23. 

Deo. 21, 10 p.m. 
(Jan. B,Op.m.; Jan. 30, 8 p.m.; N'ov.31, midn't; Deo.e,llp.M.) 

S — S, Draco, Ursa Minor, palaris, Camelopardalus, *Persens, 
Taurus, Eridanus. 

E — W. Hydra, Cancer, Gemini, Auriga, ^ Triangulum, Pisces. 
NE — SW. Leo Minor, XTrsa Mtyor, Lyns, ^ Aries, Cetus. 
SE — NW. Oauis Msjor, Monoceros, ,., Andromeda, Pegasus, 

About 15° south of thezenith, and a little west of the meridian, 
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is the group of the Pleiades (Art. 86), oonaisting of sii stars visible 
to the naked eje, the brightest of which is Alcyone, of the third 
magnitude. South-east of the Pleiades 11°, and just east of the 
meridian, are the Hyades, a group which may readily be renog- 
Bised by the brilliancy of its principal star, Aldebaran, or o Tawi. 
Aldebnran reaches the meridian at 25 minutes past 10, Deo. 21, 
or at 9 o'clock on Jan. 11. 




350. In Fig, 75 are Bhown some of the equatorial con- 
stellations \i8ible ID the south on the 30th of January, 
The cential one is Orion, one of the most marked in the 
hea\ ens When ill the bright stars in Orion are known, 
many of the suiroundmg ones maj easily he found, by 
meins of ilignements For inutinte, the line formed by 
the thiee stars m the belt, if produted in a south-easterly 
duection, will pass near birius, the bnghtest star in the 
heaiena, and prolonged in the opposite direction will 
ncaily pass through Aldebaran. binus, Betelgeuse, and 
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Procyon, form a triangle whose sides are nearly equal, 
Betelgeuse being at the westernmost, and Procyon at the 
eastei-nmost, angle. 

351. Fig. 76 represents, in like manner, some of the 
equatorial constellations visible in the south on the 21st 
of May. Arcturus is now nearly on the meridian. East 
of it ie the constellation Hercules, toward a point of which 
om- Snn is travelling with his system of planets, satellites, 
and comets. Hercules may he recognized by the four- 
sided figure (nearly a square) formed by four of its 
brightest stars. 




Apparent Movements of the Sun. 
353. The effect of the Earth's daily movement upon 
the Sun is precisely similar to its effect on the stars; that 
is, the Sun appears to rise and set every day. But in 

thehMvonet 3M. What does Fig. TO topreaentt What star is now nenrlrnn 
thehorlznnt What conat«llation la uset of Arotoras ? How may Hercules lio 
rccoentzed? 3S«. What ia Uie effect of th« Eartb'B dally movement on Iho Sunt 
How fs the Sob's apparent motion affected bjlhs Earth's yearly moHon ( 855. 
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consequence of the Earth's yeavly motion round it, it 
appears to revolve round the Earth more slowly than the 
stars ; and it is to this that we owe the difference between 
star-time and sun-time, or between the sidereal and the 
solar day. 

3^3. Difference between the Sidereal and the Solar 
Day. — How this difference arises is shown in Fig. 77, 
which represents the Sun, and the Earth in two positions 
in its orbit, separated by the time of a complete rotation. 
In the first position of the Earth are shown one observer, 
a, with the Sun on his meridian, and another, J, with a 
star on his ; the two obsei-vers 
being on exactly opposite sides 
of the Earth, and on a line drawn 
through the centres of the Eailh 
and Sun. In the second position, 
when the same star comes to J's 
meridian, a sees the Sun to the 
east of his, and he must be car- 
ried by the Earth's rotation to 
c before the Sun occupies the 
ne apparent position in the 
heavens that it did before — or 
1 again on his meridian. The 
solar day, therefore, will be longer 
than the sidereal day by the time 
it takes a to travel this distance. 
^DirrErEN^'™ T^Gia '^ *^^ course, were the Earth at 
TWEBN THE siDEBEAL AMD rcst, thiB difference could not 
THE oLAR Day. have arisen ; the solar day is a 

result of the Earth's motion in its orbit, combined with 
its rotation. 

354. Moreover, the Earth's motion in its orbit is not 
uniform, as we shall hereafter see. Consequently, the 




eiplaln tbe dlfi^m 
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apparent motion of tlie Sun ia not umfomi, and solar days 
am not of tlie same length ; for it is evident that if the 
Earth sometimes travels faster, and therefoi-e farther, in 
the interval of one rotation than it does in another, the 
observer a has farther to travel before he gets to c; and 
as the Earth's rotary motion ia uniform, he requires more 
time. In a subsequent chapter it will be shown how this 
irregularity in the apparent motion of the Sun is obviated. 

355. Celestial Latitude and Longitude. — The apparent 
yearly motion of the Sun is so important that astronomers 
map out the celestial sphere by a second method, in order 
to indicate his motion more easily ; for as the plane of the 
celestial equator, like that of the terrestrial equator, does 
not coincide with the piano of the ecliptic, the Sun's dis- 
tance from the celestial equator varies every minute. 

To get over this difficulty, they make of the plane of 
the eeliptio a sort of second celestial equator. They apply 
the term Celestial Latitude to angular distances from it to 
the Poles of the Heavens, which are 90° from it north and 
eouth. They apply the term Celestial Longitude to the 
angular distance — reckoned on the plane of the ecliptic — 
from the position occupied by the Sun at the vernal 
equinox, reckoning from left to right up to 360°, This 
latitude and longitude may he either heliocentria or 
geocentric, — that is, reckoned from the centre of either 
tho Sun or the Earth. 

356. The Zodiac and its Signs. — The celestial equator 
in this second arrangement is represented by a circle 
called the Zodiac, which is divided, not only into degrees, 
etc., like all other circles, but also into Signs of 80° each. 
These, with their symbols, are as follows ; — 



Why not f S55 






asilyf What is meant by Celeetlal Latltnae and Ceksilal Lnn- 


eitnde! What 




foceleBtiBllallt 


.uaeondlonKitnde! 856. Inthl8aiTaagement.liowtsthecelef.lial 




:nted ? How is the Zodiac divlfled ( Name the eprln^ sfgna ; tJie 


emDmerfilgna: 


the Butomn eignB; the winter elgna. With wliat mual these 
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Spring Signs. Summer Signa, Antumn Sigos. Winter Signa. 

f Aries. ■K Cancer. :^ Libra. \3 Capricorn, 

Tj TauruB. fS Leo. m Scorpio, ^ Aquariua 

n Gemini ni Virgo. t Sagittarius. H Pieces. 

At the time this division was adopted, the Sua entered 
the constellation Aries at the vernal equinox, and traversed 
in succession the constellations bearing the above names ; 
but at present, owing to the Precession of the Equinoxes, 
which will be explained hereafter, the signs no longer 
correspond with the constellations, and must not therefore 
be confounded with them. 

357. Eelation between the Ecliptic and the Celestial 
Eq^uator. — ^These two methods of dividing the celestial 
sphere, and of determining the places of the heavenly 
bodies in it, refer, one to the plane of the terrestrial 
equator, and the other to the plane of the ecliptic. Kow 
two things must be remembered; — (1) The angle formed 
by the celestial equator with the plane of the ecliptic is 
the same as that formed by the teiTestrial equator, — that is, 
23j° nearly. (2) The poles of the heavens are the same 
distance (23^°) from the celestial poles. 

Moreover, if we regard the centre of the celestial 
sphere as lying at the centre of the Earth, it is clear that 
the two planes will intersect each other at that point; 
half of the ecliptic will be north of the celestial equator, 
and half below it; and there will be two points opposite 
to each other at which the ecliptic will cross the celestial 
equator. 

358. Apparent Path of the Snn. — As the Sun beeps to 
the ecliptic, it must, at different parts of its path, cross 
the celestial equator, be north of it, cross it again, and be 
south of it ; in other words, its latitude remaining the 

Rfi!He nol bo coiifoundeil f Why wero the nnmoe of the eoDBtellatioDs given to 
them. If the signs and uoQstellutlona do not ngrool 357. What tnDBt be remem- 
bered tdtli respect to the celestial eqnatoT and the poles or the bcaTeoB f If the 
centre of the lEarth bs taken >B the centre of the celestial ephere, vhat will 
(bSow t wa. Desciilis ttie apparent path of Iho Sun. Give an accooat iof iti 
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same, its declination or distance from the celestial equator 
win change. 

Hence, althougli tho Sun rises and sets every day, its 
daily path is sometimea high, sometimes low. At the 
vernal equinox, when it occupies one of the points in 
which the zodiac cuts the equator, it rises due east, and 
gets due west, like an equatorial star ; then, as it gradually 
increases its north declination, its daily path approaches 
the zenith, and its rising and setting points advance north- 
Wird, until it reaches that part of the zodiac at which 
the planes of the ecliptic and equator ai-e most widely 
sepirtted. Here it appears to stand still; we have the 
summer solstice (from the Latin sol, the sun, and stare, to 
stand), and its daily path Is similar to that of a star of 
23^° north declination. It then descends through the 
auktmnai equinox to the winter solstice, when its apparent 
path is similar to that of a star of 23^° south declination, 
and its rising and setting points are low down toward the 
south, 

359. To determine the Time of Sunrise and Sunsst 
with the Celestial Globe. — 'ITio use of the celestial glohe 
throws light on many points connected with the Sun's 
apparent motion. When we have rectified the globe, as 
directed in Art. 347, its top will represent the zenith, — a 
miniature terrestrial globe, with its axis parallel to that of 
the celestial one, being supposed to occupy the centre of 
the latter. By bringing different parts of the ecliptic to 
the brass meridian, the varying meridian height of the Sun, 
on which the seasons depend, is at once shown. 

360. In addition to this, if we find from the almanac 
the position of the Sun in the ecliptic on any day, and 
bring it to tho brass meridian, the globe shows the position 
of the Sun at noonday; the index-hand is, therefore, set to 

movementfl after paasinK Ihe Teroal equlnoi. At tho Kummer Bolstiuo, Whiit 
does Its apparent daily pnth reeemWe at the winter aolatlce? 35B. How miiytho 
TOryinKmerldian Ueighlofllio SnB be Bliowii Willi tlie celestial globaf 360. How 
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12. If we then turn the globe -westward till the Sun's 
place is brought close to the wooden horizon, we have 
sunset represented, and the index will indicate the time 
of sunset. If, on the other hand, we turn the globe east- 
ward from, the brass meridian till the Sun's place is brought 
close to tho eastern edge of the wooden horizon, we have 
sunrise represented, and the index indicates the time of 
sunrise. 

If the path of the Sun's place, when tho globe is turned 
&om the point occupied at sunrise to tho point occupied 
at sunset, be carefully followed with reference to tho hori- 
zon, the Diurnal Arc described by the Sun that day will 
be shown. 

361, To find the Length of Day and Night, — At noon 
and midnight the Snn is mid-way between the eastern and 
western points of the horizon— part of his path being 
above the horizon, and part below it. The time, there- 
fore, from noon to sunset is the same as from sunrise to 
noon. Similarly, the time from midnight to sunrise is 
equal to that from sunset to midnight. 

As civil time divides the twenty-four hours into two 
portions, reckoned from midnight and noon, we have a 
convenient way of finding the length of the day and night 
from tho times of snnrise and sunset. For instance, if the 
Sun rises at 7, the time from midnight to sunrise is seven 
hours; but this time is equal, as has been seen, to the 
time fiom sunset to midnight; therefore the night is four- 
teen honr« long. Shnilarly, if the Sun sets at 8, the day is 
twice eight, or sixteen, hom« long. Hence these rules : — 
Double the time of tho Sun's setting is the length of 

the day. 
Double the time of the Sun's rising is the length of 
the night. 

mnv Iha time of Bunrise and sunaet h« detemilDefl f How may Uie Diurnal Arc 
rulea for flndlnj- the Ipnglh of 
. Qive BD emmple. Give Uio 
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Movements of the Moon. 

362. The Moon, we know, makes the circuit of the 
Earth in 29^ days ; in one day, therefore, supposing her 
motion to be uniform, she will travel eastward over the 
face of the sky a space of about 12° (360 -=- 29^ = \2\ 
nearly). Accordingly, at a given hour, from night to 
night, her place will be changed about 12°, and she rises 
and sets later in consequence. 

Now, if the Moon's orbit were exactly in the plane of 
the ecliptic, we should not only have two eclipses every 
month (as heretofore stated), but she would appear always 
to follow the Sun's track. We have seen, however, that 
her orbit, is inclined 5° to the plane of the ecliptic, and 
therefore to the Sun's apparent path. It follows, there- 
fore, that when the Moon is approaching her descending 
node, her path dips down (and her north latitude decreases), 
and that when she is approaching her ascending node, her 
path dips up (and her aouthem latitude decreases). 

The inclination of the Moon's orbit to the plane of the 
ecliptic being 5°, the greatest possible difference between 
her meridian altitudes is twice the sum of 5° and 23|-'', or 
Sf °. That is to say, she may be 6° north of a part of the 
ecliptic which is 23^° north of the equator, or she may be 
5° south of a part of the ecliptic which is 23^° south of the 
equator. 

But let us suppose the Moon to move actually in the 
ecliptic. It is clear that the full Moon at midnight occu- 
pies exactly the opposite point in the ecliptic to that occu- 
pied by the Sun at noon-day. In winter, therefore, when 
the Sun is lowest, the Moon is highest ; and so in winter 
wc get more moonlight than in summer, not only because 

rsBHoning on which these rules nre haaed. S62. Why does the Moon rtee and 
Bet Inter ftiim night to night ! V tlie Moon's orbft were eiBotly !n the plane of 
the ecliptic, whnl would follow! How much l6 iia orbit lucllned to the plane of 
Ihe ecliptic! What is tho coneequcneet What la the Kreatest poeelble dif- 
ftrencfl hetweeu the meridian altitudes of the Moon ! At whut season do wo 
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the nights are longer, bat hecause the Moon, like the Snn 
in summer, is best situated for lighting up the northern 



363. The Harvest Kooiu — Although, as we have seen, 
the Moon advances about 12° in her orbit every 24 hours, 
the interval between two successive moonrises varies con- 
siderably. If the Moon moved along the celestial equator, 
the interval would always be about the same, because the 
equator is always inclined the same to our horizon. But 
she moves nearly along the ecliptic, which is inchned 23^° 
to the equator; and because it ia so inclined, she ap- 
proaches the horizon at very different angles at different 
times, varying in lat. 40° between 21° and 79°. 

In Art. 357 we saw that half of the ecliptic is to the 
north and half to the south of the equator ; the ecliptic 
crosses the equator in the signs Aries and Libra. Now, 
when the Moon is farthest from these two points twice a 
month, her path is parallel to the equator, and the interval 
between two risings will be nearly the same for two or 
three days together; but mark what happens if she be 
£. near a node, i. e., 

in Aries or Libra. 
In Aries the eclip- 
tic crosses the equa- 
tor to the north ; in 
Libra, to the south. 
In Fig. 78 the line 
H represents the 
horizon, looking 
east ; E Q the equa- 
tor, which in lat. 
40° is inclined 50° 




get the most mooBllght ? Esplainhoro thle happens. 3B3, What ia said 
intervsl lietween two eucceeslva rislnga ot the Miwn ? Why does this ii 
vary? Under what cirouraetanceB Is tbe lime of the Mood's rising nea 
same rortwoortliroe BDcceselVGdajBf Explain Hiia with Fig. 7B. Hot 
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to the horizon. Tlic dotted line A 11 represents the di- 
rection of the ecliptic when the sign Libra is on the hori- 
zon, and CD its direction when Aries is on the horizon. 

Now, the Moon appears to rise because our horizon is 
carried down toward it. It follows that, when the Moon 
occnpies the three positions shown on the line CD, she 
wOl rise nearly at the same time on successive evenings ; 
though she has advanced each time 13° in her orbit, she 
has got very little farther below the horizon, as will be 
seen in the figure. On the other hand, on the line A ]i, 
her path being much more inclined to the horizon, each 
advance of 12° in her orbit carries her much farther below 
the horizon, and the difference between two successive 
risings will be gi-eater in proportion. In lat, 40° this dif- 
ference may be no more than 25 minutes, and on the other 
hand may amount to an hour and a quarter. 

These successive risings of the Moon at nearly the 
same hour of course occur every month, as the Moon makes 
an entire circuit in a month and must pass the node in 
question in every circuit ; but they are not noticed, except 
when the Moon is full at this node in Aries, which can 
happen only within a fortnight of September 23d. The 
full disk, seen above the horizon shedding its flood of light 
as soon as the Sun has set, seems to prolong the day, — 
most acceptably to the farmer, who at this time in Eng- 
land is busily engaged in gathering the fraits of the earth. 
Hence this is called the Harvest Moon. 

Appairent Movmient$ of the Planets. 

364. The planets, when visible, appear as stars, and, 
like the stars, rise and set by virtue of the Eai-th's rota- 
tion. We need, therefore, to consider only their apparent 

aoHipsstracceseiveriBinirfietnesPlj-tiie same hour occur? When only "m they 
noticed! WhatlB the Mooji called 8t this timpf 8B*. How dotbo planetB,w:icii 
Uie^ BTe Tleihlc, appear? Wbatappaiont motioUH liavc thuj! Wblcb of tbeee 
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motions among the Stars, caused hj the Earth's revolution 
round the Sun, combined with their own actual movements. 
36;. BiatanoeB of the Planets fcom the Earth. — Ae the 
pianets revolve round the Sun in orbits of very different 
size and at different rates of speed, their distances from 
each other and from the Earth are perpetually varying. 

366. The Earth at one time has a given planet on the 
same side of the Sun as herself, and at another on the op- 
posite side. The extreme distances, therefore, between 
the Earth and a superior planet will vary by the diameter 
of the Earth's orbit — that is, in round numbers, by 183,- 
000,000 miles. In the case of an inferior planet, the ex- 
treme distances will differ by the diameter of the inferior 
planet's orbit. But this is not all ; as the orbits are ellip- 
tical and the nearest approaches and greatest departures oc- 
cur in different parts of them, the distance of any planet from 
the Earth even at these times will not always be the same, 

367. The following table shows the average least and 
greatest distance of each planet from the Earth, leaving 
out of account the variation due to the ellipticity of the 
orbits. The first column presents the difference between 
the distances of ea*h planet and the Earth from the Sun, 
and the second column gives their sum. 





Lenat DiBtnnce. 


Greatest Distance. 




MilBB. 


Milee. 


Mercury, . 


. . 56,038,000 . 


126,833,000 


Venus, , . 


. . 25,299,000 . 


167,562,000 


Mars, . . 


. . 47,882,000 . 


230,742,000 


Jupiter, . 


. , 384,263,000 , 


667,123,000 


Saturn, . . 


. . 780,704,000 . 


963,565,000 


Uranus, . 


. 1,662,421,000 , 


1,845,281,000 


Neptune, . 


. 2,654,841,000 . 


2,837,701,000 


srewetoconaidCTt 8f 


,5. WhatiBBiiliiofthedlemtice 


of the planets from each 




rtht 388. What diffuvonco m 
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nee of a Btiperior planet from tl 
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affects the diflterence of disiar 
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368. To variations of distance are to be ascribed the 
striking changes of the planets in size and hrilliancy at 
different times. The difference of size is greatest in the 
case of those planets ■whose orbits lie nearest that of the 
Earth, as shown in the table. Thus Venus, when nearest 
the Earth, appears six times larger than when it is farthest 
away, because it is really six times nearer to us ; while the 
apparent size of Uranus and Neptune is hardly affected, 
as the diameter of the Earth's orbit is small compared 
with their distance from the Sun. 

369. Phases of the Planets. — In the case of the planets 
which lie between us and the Sun, phases similar to those 
of the Moon are presented, because sometimes the planet 
is between us and the Sun, as is the case with the Moon 
when it is new ; sometimes the Sun is between us and the 
planet, and consequently we see the illuminated hemi- 
sphere. At other times, as shown in Fig. 80, the Sun is to 
the right or left of the planet as seen from the Earth ; and 
a part of both the bright and the dark hemisphere is pre- 
sented to us. Among the superior planets, Mars is the 
only one that exhibits a marked phase, which resembles 
that of the gibbous Moon. 

370. Aspects of the Planets. — By the Aspects of the 
planets are meant their positions in their orbits relatively 
to the Sun and the Earth. The aspects most frequently 
alluded to are Conjunction, Opposition, and Quadrature. 

When an inferior planet is in a line between the Earth 
and Sun, it is said to be in inferior conjunction with the 
Sun ; when it is in the same line, but beyond the Sun, it is 
said to he in superior conjunction. 

When a superior planet is on the opposite side of the 

in the second 1 38S. What cbaneae in tJio planets are to lie ascribed to varlolions 
in tlieir distance from the Earth? In what planets are these changes grBstcstr 
Compare VennB with Neptune In this respect, a6B. What planets oshihit phases, 
and why t What aopeilor planet eihlhits a marked phase, and what does it 
resemljle? 370. What is meant by the Aspeeta of the planets! What aspects 
ail must freqnently alluded to? tnicn iB a planet euld to he in conjuiictiortf 
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Sun, — that la, when tht. Sun is between us and it, — we say 
it is in ton/uTulioit , when m the airae straight line, but 
with the Eaith in the middle, we i-iy it is in opposition, 
because it is then in the pait of tht heavens opposite to 
the Sun 

When 1 pliinet is 60" fiom the position it oecnpies in 
conjunction ind opposition, it is said to be in quadrature. 
Conjunction is denoted by the sign i5 ; opposition, by 
the sign 8 , quj,ilrature, by the sign a . 

In Fig, 79, 8 represent? the 
Sun and E the Earth, V ia Venua 
in mfunor eoiuunotioa ; H' ia the 
Bame planet in superior conjunction. 
Mara la shown in conjunciion at 
iV m opposition at II, and in 
((uadnture at Q. 

^71 Transits. — The pas- 
sige of an inferior planet 
icross the Sun's disk is 
called Its Transit. In Fig. 
79, Venus at V is making 
UN— her transit. 

A transit can take place 
only when i plintt is in inferior conjunction. But, as the 
orbits of the plinets do not he m the plane of the ecliptic, 
there may be inferior conjunctions without any transit. 
VeniK may be seen from the Earth in the same quarter as 
the Snn, and yet lie out of the plane which contains the 
centres of the Sun and the Earth. 

372. Elongations. — If an olraerver could watch the 
motions of the planets from the Sun, he would see them 
all pursuing their courses, always in the same direction, 
with different velocities, but in the case of any particular 

Vffxen, in oppostlloa I' When, in qvadraitav! By whBt eigns nee thoBc nspecls 
tlCDOtedl Illustrate these poBitions irith Tig. 78. 3T1. What Is a Traasltt 
When alone can a transit take place ! May there be inferior conjunctions nilh- 
ont any transits XH. What complicates llie movemeuW of the planets, as seen 




F!o. ra 
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one with an almost nniform rate of speed. Not only, how- 
ever, is our Earth a moving observatory, the motion of 
which complicates the apparent movements of the planets 
in an extraordinary degree, but from its position in the 
system all the planets are not seen with equal ease. 

In the first place, it is evident that only the superior 
planets are ever visible at midnight, as they alone can 
occupy the region of the heavens opposite to the Sun's 
place at that time, which is the region brought round to 
us at midnight by the Earth's rotation. Secondly, not 
only are the inferior planets always apparently near the 
Sun, but when they are nearest to us their dark sides are 
tnmed toward us, as they are then between ns and the 
Sun, and the Sun is shining on the side turned away 

The greatest angular distance, in fact, of Mercury and 
Venus from the Suii, either to the east (left) or west 
(right) of it, called the Eastern and the Western Elonga- 
tion, is, as heretofore stated, 29° and 47° respectively. 
Consequently, our only chance of seeing these planets is 
either in the day-time (generally with the aid of a good 
telescope), or just before sunrise at a western elongation, 
or after sunset at an eastern elongation, 

373, Stationary-points— Retrograde Motion.—In Fig. 
80 are shown the Earth in its orbit (P), and an inferior 
planet at its conjunctiona and elongations. It is obvious 
that the rate and direction of the planet, as seen from the 
Earth, which for the sake of simplicity we will suppose to 
remain at rest, will both vary. At superior conjunction 
(SC) the planet will appear to move in the direction indi- 
cated by the outside arrow; when it arrives at its eastern 

from the Enrthl What plmieW alODe are vlaihie at ralilniaht, and nlij t Where 
are the iuferlor pTanels alrtay" Bitnaled, and when ate they iavteSble to nar 
What 1b meant hj the Elongation of a planet ! What Ib the greatest elongation 
of Merctlrjt Of Venus f What ore our only limBa Tot Beelnj- these planets? 
3T3, What doosFiR, eotepreeent? Wlththe aW of thi- flffKre, and eiipposina the 
Earth to ha at real, esplsin the appafent eoiirsB of Iha interkit planet, Its 
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Fib. 80.— EI.0N04T1 



elongation {EE), it will appear to be stationary, because 
it is then for a short time travelling exactly toward the 
Earth, From this point, instead of journeying from right 
to left, as at superior conjunction, it will appear to us to 
travel from left to right, or retrograde, until it reaches the 
point of westerly elongation ( WE), when for a short time 
it will travel exactly from the Earth, and again appear 
stationary, after which it recovers its direct motion. 

The only difference made by the Earth's own move- 
ments in this case is, that, as its motion ia in the same 
direction as that of the inferior planet, the intervals be- 
tween two successive conjunctions or elongations will be 
longer than if the Earth were at rest, 

374, The superior planets, as seen from the Earth, 
appear to reach stationary-points in the same manner, but 
for a different reason. At the moment a superior planet 
appears stationary, the Earth, aa seen from that planet, 
has reached its point of eastern or western elongation. 
Let P in Fig. 80 represent a superior planet at rest, and 
let the inferior planet represented be the Earth. From 
the western elongation through superior conjunction, the 
motion of the planet referred to the stars beyond it will 
be direct — i. e. from *1 to *2, as shown by the outside 



,v Google 



208 SYNODIC PERIOD OF THE TLANETS. 

arrow. When the Earth is at its eastern elongation, as 
seen fi-om thu planet, the planet as seen from the Earth 
will appear at rest, as we are advancing for a short time 
straight to it. "When this point is passed, the apparent 
motion of tlie planet will be reversed; it will appear to 
retrograde from *2 to *1, as shown by the inside arrow. 

As in the former case, the only difference when we deal 
■with the planet in motion, will be that the times in which 
these changes take place will vary with the actual motion 
of the planet; for instance, it will be much less in the case 
of Neptune than in that of Mars, as the former moves 
much more slowly. 

375. Synodic Period. — In consequence of the Earth's 
motion, the period in which a planet regains the same 
position with regard to the Earth and Sun is different 
from the actual period of the planet's revolution round the 
Sun, The time in which a position, such as conjunction 
or opposition, is regained, is called a Sjnodic Period. The 
synodic peiiods of the different planets are as follows : — 

Mflan Solar Mean Solar 





Days. 




Days. 


Mercury, . 


. 115.87 


Saturn, . . 


. 378.09 


Venus, . 


. 683.93 


Uranus, . 


. 369.63 


Mars, . . 


. 779.94 


Neptune, . 


. 367.49 


Jupiter, , 


. 368.87 







These synodic periods have been found by actnal 
observation, and from them the times of the planets' revolu- 
tion round the Sun have been obtained. 

376, Inclinations and Nodes of the Orbits. — If the mo- 
tions of the planets were confined to the plane of the eclip- 
tic, they would, as seen from the Earth, resemble those 
of the Sun ; but their orbits are all more or less inclined 

BBiiporiorplauet,siippoBefl to bent rest. What difference will the motion of the 
planet moko? 315. What i» mfiant l)y a STnoclic Period? Why does a planet'a 
synodic period differ from Its period of reralulion round tha Snnf StJitB the 
synodic periods of llto diffsrent planets. How hHvo they bean found? What 
have been obtained from tbom I 376. What causes the apparent motion of the 
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to that plane (Art. 145). Here is a table of the 
inclinations, and positions of the ascending nodes ; 






Inclination of 


Longltodcof 
scendiDg Node. 


Mercury, 


7 5 


. 45 57 


Venus, . 


8 23 29 


. 74 51 


Mars, . 


1 61 6 


. 47 59 


.Tupiter, 


1 18 52 


. 98 25 


Saturn, . 


2 29 36 


. Ill 50 


Uranus, . 


40 2S 


. 72 59 


Neptune, 


1 46 59 


. 130 6 



377, The apparent distance of a 
planet from the plane of the ecliptic 
will te greater, as seen from the 
Earth, if the planet is nearer the 
Earth than the Sun at the time of 
ohservatioQ. Hence, as the dis- 
tance of the planet from the Earth 
must be taken into account, the dis- 
tance above or below the plane of 
the ecliptic will not appear to vary 
po regularly when seen from the 
Earth, as it would do could we ob- 
serve it fr<tm the Sun. 

Of coarse, when the planet is at 
a node, it will always appear in the 
ecliptic. 

378. Path of Venns among the 
Stars. — Fig. 81 represents the path 
of Venu'i, as seen from the Earth 
from April to October, I81 



study of it should mate what has been said about the 



planets to diSer tmm tUat of the Sun ( 377. Why does Dot tho distance of a 
planet trom tbe plane of tbe ecUpUc vsr; ss r^nlarlf. nlien seen troni (he Earth, 
BBitwoulddolf aeen ftomttieSniit Wbao wlUaplanetappearln thaecllpUc? 
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apparent motions of the planets quite clear. From April 
to June the planet's north latitude is increasing, while 
the node and stationary-point — which in this case coin- 
cide, though they do not always do so~— are reached abont 
the 25th of June. The southern latitude rapidly increases, 
until, on thfe 9th of AugUst, the other stationary-point is 
reached, after which the south latitude decreases. 

379. Effect of the Ellipticity and Inclinatioa of the 
Orbit in ths ease of Mars, — The apparent path of a 
planet, then, is affuctt'd by the motions of the Earth 




S78. What does Fig. til repreeeiitt DcBcrlbe fia patli of Venns, ue thus 
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and the inclination of its own orbit. If we examine 
into the position of the orbit of Mars, for instance, more 
closely than we have hithei-to done, we shall see how 
the ellipticity of the orbit and its inclination affect our ob- 
servations of the physical features of the planet. Fig, 82 
ehows the exact positions in space of the orbits of the 
Earth and Mars, and the amount and direction of the in- 
clination of their axes, and the lino of the nodes of Mara ; 
both planets are represented in the positions they occupy 
at the winter solstice of the northern hemisphere. The 
lines joining tlie two orbits indicate the positions occupied 
by both planets at successive oppositions of MarSjat which 
times, of course. Mars, the Earth, and the Sun, are in the 
same straight line (leaving the inclination of the orbit of 
Mars out of the question). 

It is seen that at the oppositions of 1830 and 1860 the 
two planets were much nearer together than in 1867 or 
1869. 

380. Fig, 82 also enables us to understand that, in the 
case of an inferior planet, if we suppose the perihelion of 
the Earth to coincide in direction with (or, as astronomers 
put it, to he in the same heliocentric longitude as) the 
aphelion of the planet, the conjunctions which happen in 
this part of the orbits of both will bring the bodies nearer 
together than will the conjunctions which happen else- 
where. Similarly, if we suppose the aphelion of the Earth 
to coincide with the perihelion of a superior planet, as in. 
the case of Mars, the opposition which happens in that 
part of the orbit will be the most favorable for observa- 
tion. The Earth's orbit, however, is practically so nearly 
circular that the variation depends more upon the eccen- 
tricity of the orbits of the other planets than upon our 



hJMted. 879. Bj what la the apparent, path of a planet BffeMedf What does 
Fii. 8S repreaeni ( What Is Been b 1th respect to the ncaruesa of Ihe planets at 
dUremnt opposition B t 3SU. What majalsube nnderHtooi! fl^m Flc. Sa? What 
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381. Fig. 82 also shows us that, when Mars ia oljservcd 
at the solstice indicated, we see the southern hemispliere 
of the planet better than the northern one ; while at those 
oppositions which occur when the planet ie at the opposite 
solstice, the northern hemisphere is chiefly visible. But 
we see more of the northern hemisphei-e in the latter case 
than we do of the southern one in the former, because in 
the latter case the planet ia above the ecliptic, and we 
therefore see under it better; in the former it is below the 
ecliptic, and we see less of the sontliem hemisphere than 
we should do were the planet situated in the ecliptic. 




33^. Saturn's Rings as seen at Diiferent Times from 

the Earth. — ^Fig. 83 shows the same eifect of inclination 
in the case of the rings of Saturn. The plane of the rings 
is inclined to the axis, and the different positions of this 



lore of Mars test aeen, and whon 
le the Dortbero Heralsphete mo 
it theformur! 382. What le Bh( 
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p!ane are always paralleL 
Twice in the planet's year 
the plane of the rings must 
pass through the Sun; and 
while the plane is sweeping 
across the Earth's orbit, the 
Earth, in consequence of its 
rapid motion, may pass two 
or three times through the 
plane of the ring. 
Hence the ring-system ahout this time may he invisi- 
ble, from three causes ; (1) Its plane may pass through 
the San, and its extromclv thin edge only will be lit up ; 
(2) The plane mav Ji'^^ thrm„h the tiith ir ( ) The 
Sun may 1 
lighting np o 
surface, and 
the other may 





to the Earth. 
These changes 
occur about 
every fifteen 
years, and in 
the mid-inter- 
val the surface of the nngs — Bometimes the northern one, 
at others the southern — is presented to the Earth in the 
greatest angle. 

In Fig. 63, page 148, Saturn w\s shown with the 
south surface of its ring-system presented to view. In 
Fig. 85, wo have the aspect of the planet when the north 
surface of the ring is visible. 



snccs are presented by the ringat What three causes maj render the riog^ 
eystem Ibt] Bible ! Bow oltendo tfaoKS diaagea occur f Howie the rmE-syetcm 
presented to Ihe Earth la the mid-iEtorvun Howie Saturn repreaented to fflft 
ea? HoiT, inFig. 86f 
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CHAPTER XIII. 
THB MEASUREMENT OF TIME. 

383. Hating dealt with the apparent motions of the 
heavenly bodies, we now come to what tliose apparent 
motions accomplish for us, — namely, the division and exact 
measurement of time. For common purposes, time is 
measured by the Sun, as it is thpt body which gives us the 
primary division of time into day and night ; but for as- 
tronomical purposes the stars are used, as the apparent 
motion of the Snn is subject to variation. 

The correct measurement of time ia not only one of 
the most important parts of practical Astronomy, but it is 
one of the m(«t direct benefits conferred on mankind by 
the science ; it enters, in fact, so much into every alfair of 
life, that we are apt to forget that there was a peiiod 
when that measurement was all but impossible. 

38^, ClepsydrsB and Sun-dials. — Among the contriv- 
ances which were to the ancients what clocks and watches 
are to us, we may mention Clep'sydra, or water-clocks, 
and Sun-dials, Of these, the former seem to have been 
the more ancient, and were nsed not only by the Greeks 
and Romans, but by other nations, the ancient Britons 
among them. In its simplest form it resembled the hour- 
glass, water being used instead of sand, and the flow of 
time being measured by the flow of the water. 

After the time of Archimedes, clepsydrae of the most 
elaborate construction were common ; but while they were 
in use, the days, both winter and summer, were divided 
into twelve hours from sunrise to sunset, and consequently 
the hours in winter were shorter than the hours in sum- 

383. Whut Soei Chlpter XHl. treat of? Hov <8 time measured for cammon 
pnrpoees? Hnw, fur astronomical purposes f What le said of the (mporlance 

use lor tneaauiing time? By whom were deiisyflMe emplojedl Describe the 
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mer. The clepsydra, therefore, was almost useless except 
for measuring intervals of time, uQless different ones were 
employed at different seasons of the year, 

385. The sun-dial, also, is of great, antiquity; it is re- 
ferred to aa in use among the Jews H2 b. c. This was a 
gi-eat improvement on the clepsydra; but at night and in 
cloudy weather it could not be used, and the rising, cul- 
mination, and setting of the various constellations, were 
the only means available for approximately telling the 
time during the night. Euripides, who lived 480-407 b, c, 
makes the Ciiorus in one of his tragedies ask the time in 
this form : — 

" What Is tliB fUr now pasalna f " 

and the answer is, 

" The Plelndep show themaalves In the Bust; 
IJieBagleeoatsiD ttaaBmninit ofheuTeD." 

It IS on record thut as late aa a. d. 1 108 the Biicrietaa of the Abbey 
of Clunf consulted the Btai's nhen he wished to know whether the time 
hud arrived to summon the monks to their midiught.priijors; iu otlier 
citses, a monk remained annke, and to measure the lapse of time repeated 
certain psalms, experience bnving taught him in the day by the aid of 
the guD-dial, how many psalms could bo said in an hour. 

To tell the passing hours, Alfred the Great (936 ah) ubcc! wax 
candles twelve inches m length. Markg on the surface at etinal ntprvals 
denoted hours and their gubdivisions, eath inch of candle burnt showiof, 
that about twenty minutes had passed. To prevent currents of air from 
making hi« eandlea bum irregularlv he enclosed Ihera in cases of thin 

386 Conatmction of the Sun dial — To understand the 
construction of the Bun-dial, let u-i miigine a transparent 
cylmder, having an opwjue a\is, both "ucis and cylmdcr 
being placed parallel to the axis of the Earth, If the 

c *p8jdrft in ItB e mplsst fnrm When did depsjdrffi of e nbor»t« conatTicllon 
hecome common f Wiint difncultylnteptfered w th their nseftilnesa! 385 How 
early is the ran dial known to hive been in nse! Howdid U cumpare Hllh tie 
clepsydra? How was thehonr toldat nffrht! WhntquBetlon and answer occur 
In one of the tragedlea of Enrlpidest How was the time (br BnnimoriDB tlie 
mOQks to Ibeir uiidnlghf prayers determined, as late as IIDS A. n, ? To what 
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cylinder be exposed to the Sun, the shadow of the axis 

will be thrown on the side of the cylinder away from the 

Sun ; and, as the Sun appears to travel round the Earth's 

axis in 24 hours, it will also appear to travel round the 

axis of the 

cylinder in the 

same time, and 

will cast the 

shadow of the 

axis on the side 

of the cylinder 

as long as it re- 

maiaa above 

the horizon. 

All we have 
to do, therefore, 
is to trace on 
the side of the 
cylinder 24 
linos 15° apart 
(360-^-24=15), 




dials, at illlf 
taking care to Bbowitie iiov 



,aitaDfcillnaef; M]<r,Pq,tn 
[inarj cyllBder 

have one line 
due north of the axis. When the Sun is south, at noon, , 
the shadow of the axis will be thrown on this lino, which 
we mark XIL When the Sun has advanced 15° to the 
west, the shadow will bo thrown on the next lino to tho 
east, which we mark I., and so on. The distance of tho 
Sun above the equator will evidently make no difference 
in the lateral direction of the shadow. 

387, In practice, however, we do not need the cylinder; 
all we want is a projection called a Style, parallel to the 
Earth's axis, and a Dial. The dial may be upright, hori- 
zontal, or inclined in any way so as to receive the shadow 
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of the style ; the lines on it indicating the hours will 
always be determined by imagining such a cylinder as is 
described above, cutting it parallel to the plane of the 
dial, and then joining the hour-lines on its surface with 
the style where it meets the dial. 

388. Cloda and Watolies. — The principle of both clocks 
and watches is that a number of wheels and pinions, work- 
ing one in another, are forced to turn round, and are pre-' 
vented from doing so too quickly. The force which gives 
the motion may be either a weight or a spring: the force 
which regulates the motion may proceed either from a 
pendulum, which at every swing locks the wheels, or from 
some equivalent arrangement. 

389. Clocks appear to have been first used in Europe 
in the monasteries in the eleventh century ; their invention 
is attributed to the Saracens. The first clock made in 
England, 1288 a. d., was considered so great a work that 
a high dignitary was appointed to take care of it, and paid 
for so doing from the public treasury. 

Tycho Brahe used a clock, the motion of which was 
regulated by means of an alternating balance formed by 
suspending two weights on a horizontal bar, the move- 
ment being made faster or slower by altering the distances 
of the weights from the middle of the bar. But the clock, 
as an accurate measurer of time, dates froni the middle of 
the seventeenth century, when the pendulum was intro- 
duced as a regulator by Galileo and Huyghens, 

390. Tlie Kean Sun. — In both clocks and watches we 
mark the flow of time by seconds, sixty of which make a 
minute, sixty minutes making an hour, and twenty-four 
hours a day. To the astronomer, however, the meaning 

Haw ma; the dial be placeilf 388, Ou what princlpio are both clocks and 
vstchea coDatmctcd t What la the force that Impnrts the motion ! Bow is the 
motion regulated? 3BB. When were clocks flret need In'Entope! To whom 1« 
thdr Invention attributed t When was ihe firet clock made Ib Boslandf How 
WHS It resard«df How did Tjcho Bmhe regnladi hia clock! When and l)j- 
wbom wSE the pendnlam introduced as a regulator? 390. Wliat does the word 
JO 
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of the word day is indefinite, nnless it is specified whether 
a solar or sidereal day is intended. As commonly used, 
the term means neither ; for when it was found that, in 
consequence of the irregularity of the Earth's motion in 
its orhit, the solar days differ in length, with the view of 
establishing a uniform measure of time for civil purposes, 
a civil day was made the average of all the solar days in 
the year. Our common day, therefore, is not measured by 
the trut SnUy as a sun-dial measures it, but by what is 
called the mean Sun. 

391. Irregularities of the Sun's Apparent Daily Motion. 
— Let ua inquire into the motion of the imaginary mean 
Sun, by means of which the irregularities of the Sun's 
apparent daily motion are obviated. 

In the first place, the real Sun's motion is in the ecliptic, 
and is variable. Secondly, the Sun crosses the equator 
twice a year at the equinoxes, at an angle of 23^°, while 
midway between the equinoxes its path is almost parallel 
to the equator. Hence, its real motion being performed 
at different angles to the equator, its apparent motion will 
vary when referred to that line, being least rapid when 
the angle is greatest. 

392. Let us first deal with the first cause — the in- 
equality of the real Sun's motion. When the Earth is 
nearest the Sun, about Jan. 1st, the Sun appears to travel 
through 1° 1' 10° of the ecliptic in 24 hours ; at aphelion, 
about July 1, the daily arc is reduced to 51' 12." llie 
first thing to be done, therefore, is to give a constant 

'motion to the mean Sun. 

The real Sun passes through the entire circle, or 360°, 
in 365d. Sh. 48m. 4T.8s., or 365.24222 days. Hence the 
mean distance traversed in one day will be as many de- 

(Jny, as commonly nsod.mennf By what fa It measnrod? 891. Where doea lire 
res) Sun move! Is ils molioo nnirorm or variable? What, besidee, caneee lla 
motion to appear Irregnlar f 39S. What is tbe lengtli of tlie dally arc traver ned 
by the Bon at perihelion and at aphelion t Find the arc which the mean Son 
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grees as 365.24222 is contained times in 360, — or a little 
more than 0.985 degrees, Tliis distance, therefore, which 
equals 59' 8.33°, is the are which the mean Sun travels 
daily. 

393, If the true Sun moved in the equator instead of in 
the ecliptic, a table showing how far the mean and true Sun 
are apart for every day in the year would at once enable 
U9 to determine mean time. But the true Sun moves along 
the ecliptic, while the mean Sun must bo supposed to move 
along the equator, so that it may be carried evenly round 
by the Earth's rotation. This brings out the second cause 
of the inequality of the solar days. 

At the solstices the true Sun moves almost parallel to 
the equator ; at the equinoxes it crosses the equator at an 
angle of 23^", and, when its motion is referred to the equa- 
tor, time is lost. This will be rendered evident if on a 
celestial globe we place wafers, equally distant from the 
first point of Aries, on both the equator and the ecliptic, 
and bring them to the brass meridian. 

We have also the mean Sun, not supposed to move 
along the ecliptic at all, but along the equator, at the uni- 
form rate of 59' 8.33° a day, and starting, so to speat, from 
the first point of Aries, where the ecliptic and equator in- 
tersect. Supposing the true Sun to move along the ecliptic 
at a uniform rate, its position referred to the equator would 
correspond with that of the mean Sun at the two solstices 
and the two equinoxes. 

But the motion of the true Sun is not uniform ; it moves 
fastest when the Earth is in perihelion, slowest when the 
Earth is in aphelion ; and, if we take this fact into account, 
we find that the motion of the real Sun in the ecliptic is 
nearly equal to the motion of the mean Sun in the equator 



tniY..I« daiEy. 


393. 




1 doet tlie true S 


un move at tbe solBtlces 


t What does it 








Does it appear 


10 move more slowly t 


■r rapWlj at the 


latlar points? 






irae Sun moved 


along the ecliptic at a 






ould 


1 it. 


;or«»poiid with 
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IS the IrragHlar 


motion ot tliB 
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four times a year; namely, at April 15t!i, June 15th, Au- 
gust 31st, and December 24th. 

394. Equation of Time. — At the foUowing dates the 
difference between apparent and mean time is as specified 
below : — 

Minutes. I Minutes. 

February 11th, , + U^ July 25th, , . + 6 
May 14th, . . _ 4 | November 1st, . — 16^ . 

This ia wliat is called the Equation of Time, and is what 
we must add to, or subtract from, the time shown by a 
suu-dial, to make it correspond with that of a correct clock. 
The sign + before the equation of time denotes that it is 
to be added ; the sign — , that it ie to be subtracted. 

When the Earth is iu perihelion (or the Sun hi perigee), 
the real Sun, moving at its fastest rate, gains on the mean 
Sun, and therefore takes longer than the mean Sun to come 
to the meridian ; hence the dial ia behind the clock, and 
we must add the equation of time to the apparent time to 
get the mean time. When the Earth is in aphelion (or the 
Sun in apogee), the reverse holds good. In November, as 
shown by the above table, the true Sun sets 16m, earlier 
than it would do if it occupied the position of the mean 
Sun, by which our clocks are regulated. In Februarj' it 
sets 15m. later : hence at the beginning of the year the 
day lengthens more rapidly than it would otherwise do. 
We cannot obtain mean time at once from observation ; 
but, from an observation of the true Sun, by adding or sub- 
tracting the equation of time, as the case may be, it can be 
readily deduced. Mean time is now universally used in all 
civilized countries. 

395. Oommencement of the Different Says. — ^We must 
next, consider when the different days begin. We have, 

wlthihe mean 9nn! 894. What is meant hy tha Bqimtion of Time? Whatdo 
tbo Bij^B + and - mean, when prefixed to the equation ol. timet When [a the 
eqnationof time to be added, and when anbtractedf VHiat la ttin equation of 
lima tor Feb. lllhf For May 14tli? For July SJth 7 For Nov. let! How la 
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I. The Apparent Solar Day, reckoned from the instant 
the true Suti crosses the meridian, through 24 hours, till it 
crosses it again. 

II. The Mean Solar Day, reckoned from the instant the 
mean Sun crosses the meridian, in the same manner. Both 
these days are used hy astronomers. 

III. The Civil Day, commencing at midnight, and 
reckoned through 12 mean hours only to noon, and thence 
through another 12 hours to the next midnight. 'The civil 
reckoning ia therefore always 12 hours in advance of the 
astronomical reckoning ; hence this rule for determining 
the latter from the former : — For p. m. civil times, make no 
change ; hut for a. m. diminish the day of the month hy 1 
and add twelve to the hours. Thus : Jan. 2d, 7h, 49m. p. m. 
civil time, is Jan. 2d, Ih. 49m, astronomical time ; but Jan. 
2d, 7h. 49m. a.m. civil time is Jan. 1st, 19h. 49m. astronomi- 
cal time. 

396, Length of the Different Days. — Expressed in mean 
time, the length of the day is as follows : — 

Apparent solar day, . . . variable. 

Mean solar day, .... 24h. Om. Os. 

Sidereal day, 23 66 4.09 

Mean lunar day, . . . 24 54 

■397. Sidereal Time is reckoned from the first point of 
Aries. When the mean Sun occupies this point, which it 
does at. the vernal equinox, the mean-time clock and the 
sidereal clock will agree. But this happens at no other 
time, as the sidereal day is only 23h. 56m. 4s. (mean time) 
long ; so that the sidereal clock loses about four minutes a 
day, or one day a year, as compared with mean time. Of 
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232 MEASUREMENT 01 TIME. 

course the coincidence is established again at the next ver- 

A sidereal clock represents the rotation of the Earth on 
its axis, as referred to the stars, its hour-hand performing 
a complete revolution through the 24 sidereal hours be- 
tween the departure of any meridian from a star and its 
next return to it. At the moment that the vernal equinox, 
or a star whose right ascension is Oh. Om. Os. is on the 
meridian of Greenwich, the sidereal clock ought to show 
Oh.Om. Os. ; and at the succeeding return of the star, or 
the equinox, to the same meridian, the clock ought to in- 
dicate the same time, 

jgS. The Week. — Although the week, unlike the day, 
month, and year, is not connected with the movements of any 
heavenly body, the names of the seven days of which it is 
composed were derived by the Egyptians from the seven 
celestial bodies then known. The Romans, in their names 
for the days, observed the same order, distinguishing them 
as follows : — 

es Satumi, . . Saturn's day, , . Saturday. 

es SoHs, . . . Sun's day, , , , Sunday, 

es JJunAB, . . Moon's day, . . Monday. 

is Martia, . . Mars' day, . . , Tuesday. 

^ Mercurii, . Mercury's day, . Wednesday. 

s« Jbvis, , , Jupiter's day, . . Thursday. 

Ities Veneris, , , 'Venus's day, . . Friday. 

We see at once the origin of our English names for the 
first three days; the remaining four are named from Tiw, 
Woden, Thor, and Frigga, northern deities equivalent to 
Mars, Mercury, Jupiter, and Venus, in the classical my- 
thology. 
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399. The Month. — ^We next come to the month, a period 
regulated entirely by the Moon's motion round the Earth. 

The lunar month is the same as the lunation or synodic 
month, and is the time which elapses between two con- 
secutive new or Ml Moons, or in which the Moon returns 
to the same position relatively to the Earth and Sun. 

The tropical month is the revolution of the Moon with 
respect to the movahle equinox. 

The Bidereal month is the interval between two succes- 
sive conjunctions of the Moon with the same fixed star. 

The anomalistic month is the time in which the Moon 
returns to the same point (for example, the perigee or 
apogee) of her movahle elliptic orbit. 

The nodical month is the time in which the Moon ac- 
complishes a revolution with respect to her nodes, the line 
of which is also movable. 

The calendar month is the month recognized in the al- 
manacs, and consists of different numbers of days, such 
as January, February, etc. 

400. length of the Lnnar and other months. — The 
length of these different months is as follows: — 

Mean Time. 

Lunar, or Synodic month, , ... 29 12 44 2.84 

Tropical month, 27 7 43 4.71 

Sidereal month, ....... 27 7 43 11.54 

Anomalistic month, 37 13 18 37.40 

Nodical month, 27 5 5 36.60 

401. The Year. — ^The pear is the time of the Earth's 
revolution round the Sun, as the dai/ is the period of its 
rotation on its axis. There are various sorts of years, as 
there are different kinds of days. Thus, we may take tho 

339. By what ia (he month regulated t What Ifl the lnnar Month? TheTroplcsl 
Month? ThoSidcrealMoDth* The Anomalistic Month? The NoiUcal Month t 
The Calendnr Month? 400. Which Is the longcat ot these lUfferent Jiinil» of 
monOiBf Which 19 Uieehorteatf 401, Whstls the Tear! What la tlie Sidereal 
Year! The Solar, or Troploul, Teur f Tha Anonmllatlc Year! Which iB the 
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time that elapses Isetweeii two euccessivo conjunctions of 
the Sun, as seen from the Earth, with a fixed star. This 
is called the Sidereal Year. 

Or we may take the period that elapses between two 
successive passages through the vernal equinox. This is 
called the Solar, or Tropical Year, and it is shorter than 
the sidereal year, in consequence of the precession of the 
equinoxes. The vernal equinox in its recession meets the 
Sun, which therefore passes through it sooner than it would 
otherwise do. 

Again, we may take the time that elapses betweon two 
successive passages of the Earth through perihelion or 
aphelion. As these points have a forward motion in the 
heavens, the Anomalistic Year, as this period is called, is 
longer than the sidereal year, 

402. Length of the Sidereal and other Years. — The 
exact length of these years is as follows : — 

Mcnn TimB. 
d. h, m. B. 

, Mean sidei-eal year, .... 365 6 9 9.6 

Mean solar or tropical year, . 365 6 48 46.05444 
Mean anomalistic year, . . . 366 6 18 49.3 

403, The Calendar. — ^It is seen from this table that the 
solar year does not contain an exact number of solar days, 
but nearly a quarter of a day over. It is said that the in- 
habitants of ancient Thebes were the first to discover this. 
The calendar had got in such a state of confusion in the 
time of Julius Ciesar, that he called in the aid of the 
Egyptian astronomer, Sosigenes, to reform it. The latter 
recommended that one day every four years should be 
added, by reckoning the sixth day before the kalends of 
March (Feb. 24th) twice ; hence the term Bissextile (from 
the Latin bis, twice, and searfws, sixth). 

longer, the eolar or the Bidereal yeatt The anomallalic or the eidorenl year! 
402. What is thfi eiact Isngth of the mean solar yi-ar! 403. What cnused (he 
calendsTtagBtincoafasioninoldtimes? Whoattumptod torefuTm ItF Whom 
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Now, this arrangement was a great improvement ; but 
too much was added, and the matter was again looked into 
in the sixteenth century, by which time the over-correction 
had amounted to more than ten days, the vernal etininox 
falling on March 11th, instead of March 21st. Pope 
Gregory XIII., therefore, undertook to continue the good 
work begun by Juliua Csesar, and made the following 
rule for the future : — Every year divisible by 4 (except the 
secular years, 1800, 1900, etc.) to be a bissextile, or leap- 
year, containing 366 days ; every year not so divisible to 
consist of only 363 days ; every secular year divisible by 
400 to be a leap-year; every secular year not so divisible 
to consist of 365 days. According to this ari'angement, 
the error amounts to only 1 day in 3,866 years. 

404. Old and New Style. — ^The Julian Calendar (Julius 
Ciesar's) was Introduced 44 b. c. ; the Gregorian (Pope 
Gregory's), in 1582 a. d. The latter was not adopted in 
England till 1752, when the correction was made by drop- 
ping eleven days in September, the day following the 3d 
of that month beipg called the 14th. This was known as 
the New Style (N. S.), in contradistinction to the Old 
Style (O. S,). In Russia the old style is still retained, al- 
though it is customary to give both dates, thus : 1870 ^^-f ■ 

405. It is all-important that the calendar be exactly 
adjusted to the length of the solar year; otherwise the 
seasons would not commence on the same day of the same 
month aa they do now, but would in the course of time 
make the circuit of all the days in the year. January, or 
any other month, would fall successively in spring, sum- 
mer, autumn, and winter. 



aOaearcall tohleald? What (mproTement was mudo by Snafgenes f What 
faculty BtmrBinaineaf By whom was this ohviatedf What chango was mada 
tlie Gregorian Caleodart AccordiDg to thin calendar, what is tho amount of 
rort 4M. Wbenwnatbe Julian Calendar introdnccdr Wben.tbe Gregorian! 
hen WUB the Gregorian Calendar adopted in Enj?lsnd ? How wae Ibe correcllun 
adef How were Ibo twomofles of rpchoning diatingnlBhedl Wbere is Ibe 
Id Style etlll retained; 4DI5. Wby In It important that the caleoOaT ahould be 
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406. Change in the Length of the Solar Year. — At pres- 
ent, owing to a change of form in the Earth's orbit, the 
solar year is diminishing at the rate of ^ of a second In a 
century. It is shorter now than it was in the time of 
Hipparchns by about 12 seconds. 

407. Change of Aphelion and Perihelion. — If the solar 
and the anomalistic year were of equal length, it would fol- 
low that, as the seasons are regulated by the former, they 
would always occur in the same part of the Earth's orhit. 
As it is, however, the line joining the aphelion and peri- 
helion points, termed the Lbie of Apsides, slowly changes 
its direction, at Buch a rate that in a period of 21,000 years 
it makes a complete revolution. At present, as already 
stated, we are nearest to the Sun about Jan. 1st ; in a. d. 
6485, the perihelion will coiTespond with the vernal equi- 
nox. 



CHAPTER XIV. 
ASTRONOMICAL INSTRUMEHTa 



408. What L^ht is. — Mod.em science teaches us that 
Light consists of undulations or waves of a medium called 
ether, which pervades all space. These nndnlations are to 
the eye what sound-waves are to the ear, and they are set 
in motion by bodies at a high temperature — the Sun, for 
instance — much in the same manner as the air is put in 
motion by our voice, or the surface of water by throwing 
in a stone. But though a wave-raotion results from all 

exactly ndjuElcd to t^c length of tlie solar feurf 4D6. At what rate in the solar 
yearcanetaaClychanglDg. und why Wl. What Is meaot by the Line of Apsides F 
What chaDKe is this line DDdergolui; t When are we at present nearest Ike Sunt 
When viill the perihelion corrospond witli the vernal eqnlnox t 

408. or what does light consift ! To what are waiee of light analogoue t 
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these causes, the way in whicli the wave travels varies in 
each case. 

409. Velocity of Light. — Though light moves so quickly 
that to us its passage seems instantaneous, it requires 
time to travel from an illuminating to an illuminated 
body. Its velocity was determined by Roemcr, a Danish 
astronomer, from observations on the moons of Jupiter. 
He found that the eclipses of these moons (which he had 
calculated beforehand) happened 16m. 26s. later when 
Jupiter was in conjunction with the Sun than when he 
was in opposition. Knowing that Jupiter is farther from 
us in the former case than in the latter, by exactly the 
diameter of the Earth's orbit, he soon convinced himself 
that the difference of time was due to the fact that the 
light had so much farther to travel. Now, the additional 
distance, i. e., the diameter of the Earth's orbit, being 
183,000,000 miles, it follows that light travels about 185,000 
miles a second. This fact has been abundantly proved 
ce Roemer's time, and 

\^ what astronomers call the 

I aberration of light is one of 

I the proofs. 

410, Aberration of Light. — 
"We may get an idea of the 
aberration of light by observ- 
ing the way in which, when 
caught in a shower, we hold 
the umbrella inclined in the 
direction in which we are, 
hastening, instead of overhead, 
E hma- as we should do were we stand- 
ing still. Let us mate this a 




40a, By whom waa the relodty of light dolennlned? How was it detennlDed t 
Whiitls tlie Telocity of light f What is odo proof c/ the velocity thne eslablished f 
410. Howniaj-wigetiinlrtfiaof liheaherrotionofllghtf Illustrate it with Fig. 
B7. To see a star, what most we do with 01 ' 
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little clearer. Suppose we wish to let a drop of water 
fall through a tube (see Fig. 87) without wetting the 
sides. If the tube is at rest, there is no difBeulty — it 
has only to he held upright in the direction A J) ; but if 
we must move the tube, the matter is not so easy. The 
diagram shows that the tube mast be inclined, or else the 
drop in the centre of the tube at a will no longer he in the 
centre at h ; and the faster the tube is moved, the more it 
must be inclined. 

Now, we may liken the drop to rays of light, and the 
tube to the telescope, and we find that to see a star we 
must incline our telescopes in like manner. By virtue of 
this, each star really seems to describe a small circle in 
the heavens, reprcaentiiig on a small scale the Earth's 
orbit; the extent of this apparent circular motion depend- 
ing upon the relative velocity of light and of tlie Earth in 
its orbit, as in Fig. 87 the slope of the tube depends on 
the relative rapidity of the motion of the tube and the 
drop. From the actual dimensions of the circle, we learn 
that light travels about 10,000 times faster than the Earth 
docs — that is, about 185,000 miles a second. Tliis velocity 
has been experimentally proved by Foucault, by means of 
a turning mirror. 

411. Befleetion and Refraction, — A ray of light is re- 
fleeted by opaquo bodies which lie in its path, and is re- 
fracted, or bent out of its course, when it passes obliquely 
from a transparent medium of a certain density, such as 
air, into another of a different density, as water. 

412. Effect of Re&aotion. — In consequence of refrac- 
tion, the stars appear to he higher above the horizon than 
they really arc. In Fig. 88, A B represents a pencil of 
light coming from a star. In its passage through our at- 

e-itpiit of the appBront circular motion of thB sfar depend f From the actual 
dimensions of the circle, how tuat <a il^lit found to travel! How has Foucanlt 
eipurimenlslly proved Ihia velodtyt 411. Bj-what is s niy of liglil reflected! 
Under whnt ciicumetances is it refracted 1 412, How do the etais appear, ta 
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EEFliACTION OF LIGHT. 

mospliere, since each layer 

gets denser as the surface 

of the Earth it approached, 

the ray is gi aduiUy i e - — ^ 

fracted until it leiches tliL 

surface at C , from whi I 

point the star seems to 

lie ui the direction < _B 

413. The i-etraction of 
light can he h(.«t studied ty ineiiis of 1 piece of glass 

A( ith three rectan 
^ lUr tacea, called 

I I'rifim. If we 
til-c J pnsm into a 

hik room, admit a 

I I im of Bunlicht 
through a hole in 
the shutter and let 

it fall obliquelj on one of the surf ices of the pnam, we 
shall see at once thit the direction of the ray la changed 
In other words, the angle at which the hght fills on the 
first sui-fve of the prism is diilercnt from the angle at 
which it lea^ es the second surface 

414. Dispersion of Light — If we recene a heim thus 
refracted by its passage through a prism on a piece of 
smooth white paper, we shall hare, instead of a spot of 
white light of the size of the hole that admitted the beam, 
a lengthened figure made up of seven different colors (aa 
shown in Fig. 90), called the Spectrum, 

By passing through the prism, the beam has been 
decomposed into colored rays, occupying different places 
on account of their different degrees of refrangibility, red 




ra of refraction ? 1 



!c this wilh Fig » 
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Fm. DO.— Thb S- 

being cansed to deviate the least from the course of the 
original beam, and violet the most. This separation of 
light into the different colors of the spectrum is called 
XHepersion. 

By passing the decomposed beam through a second 
prism placed in contact with the first, as in Fig, 90, tlie 
colored rays may be brought together again into a beam 
of white light. 

415. If we pass light through prisms of different 
materials, we shall find that, although the colors always 
maintain the same order, they will vary in length. Thus, 
if we enaploy a hollow prism filled with oil of cassia, we 
shall obtain a spectrum two or three times longer than if 
we use one made of common glass. This fact is expressed 
by saying that different media have different dispersive 
powers. 

Xenses, 



416, A Lens is a transparent body (commonly of glass) 
which has two polished surfaces, either both curved or one 
curved and the other plane. The general effect of lenses 
is to refract rays of light, and magnify or diminish objects 
Been through them. 

417. There are four kinds of lenses with which we have 
mainly to do ; viz., 



itorad rays Tie TiroBght together i 
le eei>aration of Jight into the c< 
licht throueH prism 



beam of itlilte light What Is 

spectrum culled? 416. If we pasB licht throueh prisma of dififcrent materiflls, 
what shall we find ? QIto an illnstratloii. How !b this fiict eiprcBBcdV 4!«. 
What la a Lens! What U the eeneral effect of lenses I 417. With how many 
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PLiNO-cosvEX Lens. 
PLiso-coBOiVE Less. 



Both sidee coDvei. 
Both sides concavo. 
One side convex, Ihe othoi plane. 



418. Refraction by Convex Lenses.— A prism refracts a 
ray of light as shown in Fig. 89 ; hence, two prisma ai^ 
ranged as in Fig, 92 would cause two parallel beams com- 
iiig from differr 
ent points at a 
and 6, to con- 
verge at one 
point c. 

We may look 
uponabi-convex 
lens as composed 
of an infinite 
number of 
p 8 ns ; it will 
t 92 A section 





kinds of lonsc? hare He mulnly to dot Xame and describe them. 418, Hon 
are (wo prisms ftrranRed in Fig. 9*f What le tbeir effect on two parallel beams; 
How ma; ve regard ft bi-couTGi lens C WliaC will be the action of such ftlensM 
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of such a lens and its action on a pencil of parallel rays are 
represented in Fig. 93, All the light falling on its surface 
is refracted, and made to converge to c, which point is 
called the rocus. 

419. If we hold a common burnirg-glasa (which is a 
hi-convex lens) up to the Sun, and let the light that passes 
through it fall on a piece of paper, the rays will be brought 
to a focus ; and if the paper is held at a certain distance 
from the lens, a hole will be burned through it. This dis- 
tance marlcs the Focal Distance of the lens. 

420, If we place an arrow a b in front of the bi-convex 
lens m n, we shall have an image of the arrow behind the 



^S^BSms 



lena at b a, every point of tlic arrow sending a ray to every 
point in the surface of the lens. Each point of the arrow, 
in fact, is the apex of a cone of rays resting on the lens, 
and a similar cone of rays, after refraction, painta every 
point of tho image. At a, for instance, in front of the lens, 
we have the apex of a cone of I'ays, nam; which rays, 
being refracted, form another cone of rays, nam^ behind 
the lena, painting the point a in the image. So with 5, 
and so with every other point. We see that the effect of 
a bi-convex: lens, like the one in the figure, is to form an 
inverted image. The line x y is called the axis of the lens. 
421, Such is the action of a bi-convex lens ; and such a 



il rfljaf What is meant by (he FocQ9? «9. Whalklna of 
lafiSt Whfltistheeffect of abuniiiig-^laBsf What Is mea 
ccofthelens? 430. Bnplain the action of « W-com'ex lene 
, Wliat kind of hd imago docB it (ona! 431. Esplain t] 
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REFSACTION BY LENSES. 



ur eye. Behind it, where the image is 
cast, as in Fig. 94, we have a membrane which receives 
the image ae the photographer's gronnd glass or prepared 
paper does ; and when the image falls on this membrane, 
which is called the ret'ina, the optic nerves telegraph, as 
it were, an account of the impression to the brain, and we 

422. In order that we may see, it is essential that the 
rays should enter the eye parallel or nearly so. Hence the 
use of the common magnifying-glass. We bring the glass 
close to the eye, and place the object to be magnified in its 
focus, — that is, at c in Fig. 93 ; the rays which diverge 
from the object are rendered parallel by the lens, and we 
are enabled to see the object, which appears large because 
it is brought so close to us. 

423. Be&action by Concave Lense8.~-If, instead of ar- 
ranginff the nrisms as shown in Ficr. 92, with their bases 

place them 
point to point, it 
is evident that 
the rays falling 
upon them will 
no longer con- 
verge; they will 
J in fact separate, 
TO DivERdE. or diverge. We 

may suppose a lens formed of an infinite number of prisms, 
joined together in this way. Such a lens is called a bi- 
concave lens. Its shape and action on parallel rays are 
shown in Fig. 96, 

424. Achiomatic Lenses. — A lens being equivalent, as 
we have seen, to a combination of prisms, we would natu- 

pilnclple on whiiih wc eee. MS. In orfler that we may ee«, what U easenllalf 
Explain the prlncipls of tha oominon magnlfJing-glsBB. 4i&. Explain the aptloii 
of a bi-CMicave lanH. 4S4. What kind of au Image ivoitld we natnrall]' expect b 
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rally expect it to throw a colored image. This it does; 
and unless we could get rid of the colors, it would be im- 
possible to make a large telescope worth using. By com- 
bining, however, two lenses of different shapes, and made 
of different kinds of glass, we cause the color to disappear, 
thus forming what is called an Achromatic Lens (from the 
Greek a, without, and XP^^t^'h ^oto^- 

425. We are able to get rid of color in the image in 
consequence of the varying dispersive powers (Art. 415) of 
different bodies. If we take two exactly similar prisms of 
the same material, and place one against the other as 
shown in Fig. 90, a beam of light passing through both 
will be unaffected ; one prism will exactly undo the work 
done, by the other, and the ray will be neither refracted 
nor dispersed. But if we take away the second prism, and 
replace it with one made of a substance having a higher 
dispersive power, we shall of course be able to counteract 
the dispersive effect of the first prism with a smaller thick- 
ness of the second. 

But this smaller thickness will not counteract all the 
refractive effect of the first prism. The beam will there- 
fore leave the second prism colorless, but refracted; and 
this is exactly what is wanted. The Chromatic Aberra- 
tion, as it is called, is corrected, but the compound prism 
can still refract. 

426. An achromatic lens is made in the same way as 
an achromatic prism. The dispersive powers of flint and 
crown glass are as ,052 to ,033. The front or convex lens 
is made of crown-glass. Its chromatic aberration is cor- 
rected by a bi-concave lens of flint-glass placed behind it. 
The second lens is not so concave as the first is convex ; 
hence the refractive effect of the latter is not wholly 
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THE TELESCOPE. 235 

nullified. But as the second lens equals the first in dis- 
persive power, although it cannot restore the ray to its 
original direction, it makes it colorless, or nearly eo. If 
such an achromatic lens be truly made, and its curves 
properly regulated, it is said to have its spherical aberra- 
tion corrected as well as its chromatic aberration, and the 
image of a star will form a nearly colorless point at its 
focus. 

The Telescope, 

427. History. — The Telescope, to which Astronomy is 

mainly indebted for the important advances it has made 
during the last two centuries, is an instrument for viewing 
distant objects. It appears to have been invented by 
Melius, a native of Holland, in 1608. Galileo, hearing of 
the invention, constructed an instrument for himself, and 
was the first to turn the telescope to practical account. 
Since his time, many improvements have been made, 
greatly increasing the eiEciency of the instrument. 

428. Constmction. — The telescope is a combination of 
lenses. The principle involved in its construction is 
simply an extension of that exhibited in the structure of 
the eye. In the eye, nearly parallel rays fall on a lens, 
and this lens throws an image. In the telescope, nearly 
parallel rays fell on a lens, this lens throws an image, and 
then another hns enables (Tie eye to form an image of the 
linage by rendering the raya again parallel. These parallel 
rays enter the eye just as the rays do in ordinary vision. 

In Fig. 96, for instance, let A represent the front lens, 
called the ohject-glasa, because it is nearest to the object 
viewed; let represent the other, called the eye-piece, 
because it is nearest the eye; and let B represent the 
image of a distant arrow, the rays from which are seen 

sold Co be corrected, sb well as Ibe chiomatic abermllon! 437. To wh«t is 
^vanCRa ! By whom was the tele- 
4118. WhutlB thoprincipleinvolvaa 
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falling on the object-glass from the 
left. These rays are refracted, and 
■we get an inverted image at the focus 
of the object-glass, 'which is also the 
focus of the eye-piece. The rays 
leave the oye-piece adapted for visi 
as they are when they fall on the 
object-glass ; the eye can therefore 
use them as 'well as if no telescope 
had been there. 

429. mnminating Power — The 
efficiency of the teleacope depen Is 
two things, its Illuminitmg and its 
Magnifying Pow er 

First, as to its Illuminating Pow 
er. The object sli''s, bemg larger 
than the pupil ot our eye, receives 
more rays thin the pupi! If its sur 
face be , a thousand times greater 
than that of the pupil, for instini-e, 
it receives a thousand times more 
light ; and consequently the image 
of a star formed at its focus is nearly 
a thousand times bnghter than that 
thrown hy the lens of our eye on 
the retina. We say neatly a thou 
sand times, bec-vu<(e some light is lost 
hy reflection from the object glass 
and during the pi^aigo through it yio i- 
If we have two object glasses of the ^hi ■=!■=■ 

same size, one highly polishel and 

the other less so, the lUummitmg jiower ol the former 
win be the greater 




its Ulamiaating power! Bo t : 



gtit that follB on the ohjeut-glUHa 
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430. Iffagni^ing Power. — The Magnifying Power de- 
pends upon two things. First, it depends upon the focal 
length of the object-glass ; because, if we suppose the focus 
to lie in the circumference of a circle having its centre in 
the eenti-e of the lens, the image will always bear the 
same proportion to the circle. Suppose it covers 1°; it is 
evident that it will be larger in a circle whose radius is 12 
feet than in one whose radius is 12 inches — that is, in the 
case of a lens whose focal length is 12 feet, than in one 
whose focal length is 12 inches. 

Next, the magnifying power of the eye-piece is to be 
taten into account. This varies according to the eye- 
piece used, the ratio of the focal length of the object-glass 
to that of the eye-pieco giving its exact amount. Thus, if 
the focal length of the object-glass is 100 inches, and that of 
the eye-piece one inch, the telescope will magnify 100 times. 
But, unless the illuminating power is good and a perfect 
image is formed, a high magnifying power is useless. If 
the object-glass does not perform its part properly, the 
image will be bluiTed even when slightly magnified. 

431. Eye-pieces, — The eye-pieces used with the astro- 
nomical telescope vary in form. The telescope made by 
Galileo, similar in construction to the modern operarglass, 
was furnished with a bi-concave eye-piece. This eye-piece 
is introduced between the object-glass and the focus, at a 
point where its divergent action corrects the convergent 
effect of the object-glass, and thus makes the rays parallel. 
A convex eye-piece for the same reason is placed beyond 
the focus, as shown in Fig. 86. 

Such eye-pieces, however, color the light coming from 
the image, in the same way as the object-glass would color 

lost! 430. On v/bsit two tblngg does tbc mugnll^iiK power of the tRleicope 
depend ( Slwiw how the focal lengtli ot the object-gUsB haa to do with the 
magulljiog power. What exactly ihowa the amonot of maffnifying power? 
WlthanymaKolfjlngpower, what Isee^oDtial? 431. Desiribe the eye-piece anil ■■ 
ita position In Galileo's toloacope. What dlfBculty did the use of audi oyo-plecea 
iUTOlva! How flidauygUoua remedy thlBdlfBcultjT How are the plano-oouvex 
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the light which forms the image, if its chromatic aben-a- 
tion were not corrected. 

It was discovered hy Huyghens that this defect might 
be obviated by using two plano-convex lenses, the flat 
sides toward the eye, — the larger, called the field-lens, 
nearer the image, and the smaller, called the eye-lens, 
nearer the eye. This is the construction now generally 
used except in micrometers, in which the flat sides of the 
lenses are turned away from the eye. 

432. The t«lescope-tube keeps the object-glass and the 
eye-piece in their proper positions; and the eye-piece is 
furnished with a draw-tube, which allows its distance from 
the object-glass to bo varied. 

433. The Latest Re&&ctor. — The largest refracting 
telescope in the world is one recently constructed in Eng- 
land, having an object-glass 25 inches in diameter. The 
pupil of the eye is \ of an inch in diameter; this object- 
glass, therefore, will grasp over 15,000 (25 -^ ^ = 125 ; 
125' = 15,625) times more light than the eye can. If 
used when the air is pure, it bears a power of 3,000 on the 
Moon ; in other words, the Moon seen through it appears 
as it would were it 3,000 times nearer to us, or at a dis- 
tance of 80 miles, instead of 240,000. 

434. Reflecting Telescopes. — We have thus far confined 
our attention to the principles of the ordinary astronomical 
telescope, and we have dealt with it in its simplest form. 
There are also Reflecting Telescopes, in which a speculum, 
or mirror, takes the place of the object-glass. These in- 
struments appear in several different forms. The prin- 
ciple on which Herschel's is constructed, will be under- 
stood from Fig. 97. 

The concave mirror S S ia placed at the ^rthest ex- 

lenaea toroed In micronlBtorfl ! 4^ What IfltheiisBof thstolflacnpe-tuhBt With 
what la the eye-piece fiiraished [ 433, Wlipro ia the larijest reltactlog leloficope 
Intheworldf What is lis aize ( Horn dnea the llj-ht receitod hy the ofijsct-glBBS 
compare with that received hy the eye f When the air is pure, howhlt'h s power 
does it bear? 4^ Wlutt otbet kind oruieBcopes la Ulere? Id teOeclins tele- 
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tremity of the 
tube, inclined s 
as to make the ■ 
rays that fall '■ 
upon it convei^e 

toward the side Fio. or.— Pbinoiple op IlERscintL's Beplectoh. 

of the tube in which the eye-piece a 6 is fixed to receive 
them. The observer at E, with his back toward the 
heavenly body, looks through the eye-piece, and sees the 
reflected image. His position is such as not to prevent the 
rays from eutering the open end of the tube. 

435. The Largest Reflector. — The largest reflecting 
telescope in the world is one constructed ty the late Eai-1 
of Eosse. Its mirror is six feet in diameter, and weighs 
four tons. The tute at the bottom of which it is placed 
is fifty-two feet long and seven feet across. It is computed 
that, when this insti-ument is used, 230,000 times as' much 
light from a heavenly body is collected a^ reaches the 
naked eye. 

436. Different KoontiiigE. — An astronomer uses the 
telescope for two kinds of work; he desires to watch the 
heavenly bodies, and study their physical constitution ; he 
also wants to note their actual places and relative posi- 
tions. Accordingly, he founts or arranges his instru- 
ment in several diSferent ways. . 

For the first kind of work the only essential is that the 
instrument should be so arranged as to command every 
portion of the sky. The test mounting for this purpose is 
shown in Fig. 98, which represents an eight-inch telescope 
equatorially mounted. With such an instrument, called an 
Equatorial, a heavenly body may be followed from its 
rising to its setting, the proper motion being communi- 

ecopee, what takes the place of tho (ibject-glasB f Explain the priDCtple in 
Hcraehel's reflector. 4SB. Give sd account of the largest refleclorin tho world. 
4m. For what two kinds of work dues an aetroaomer u^e the telescope ( When 



,v Google 



ASTKONOUICAL INSTRUMENTS. 

cated to the in- 
strument by clock- 
work. 

In this arrange- 
ment, a strong iron 
pillar supports a 
head-piece, in 
which is fixed the 
polar axis of the 
iustrunient paral- 
lel to the axis of 
the Earth. This 
polir axis is made 
totuini'ound once 
m twenty-four 
hcurs by the clock 
ehown on the right 
of the pillar. 

It is obvious 
thtt a telescope 
attached to such 
an axis will always 
mo^ e in a circle 
of declination, and 
that the clock, 
turning the tele- 
scope in one direc- 
Fio 93 — E.iniTORiiE T»LBscora tion as fast as the 

Earth is carrying it m the opposite one will keep the iii- 
Btinment fixed on the object It is inconvenient to attach 
the telescope directly to the poHr axis as the range is 
then' limited ; it is fixed therefore to a decltnation axis, 
placed above the polir avis and at nght angles to it, aa 
shown in Fig. 98 

whftt will u telescope thus mounted always move? How is the toleacopo kept 
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437. For the otlier kinds of work, telescopes are mount- 
ed as AltazimathB, Transit-iiistniiiieiits, TranBtt-circleB, and 
Zenith-Bectora. 

433, Heaaarement of Angles. — In all these instruments, 
angles are measured by means of graduated arcs or circles 
attached to telescopes. The graduation is sometimes car- 
ried to the hundredth part of a second by Verniers, or 
small scales minutely subdivided movable by the side of 
larger fixed scales. It is of the greatest importance that 
the circle should be not only correctly graduated, but cor- 
rectly centred — tliat is, that the centre of movement should 
be also the centre of graduation. To insure greater pre- 
cision, spider-webs, or fine wires, are fixed in the focus of 
the telescope to point out the exact centre of the field of 
view. An instrument with the cross-wires perfectly ad- 
justed, is said to be correctly coUimated. 

439. In addition to the fixed wires, movable ones are 
sometimes employed by which small angles may be meas- 
ured. An eye-piece so arranged is called a Micrometer. 
The movable wire is set in a frame moved by a screw, and 
the distance of this wire from the fixed central one is meas- 
ured by the number of revolutions and parts of a revelation 
of this screw, each revolution being divided into thou- 
sandths by a small circle outside the body of the microm- 
eter. 

Attached to the micrometer, or to the eye-piece which 
carries it, is also a PoBitlon-cirole, divided into 360° ; by 
this the angle made by the line joining two stars, with the 
direction of movement across the field of view, is deter- 
mined. The use of the position-circle in double-star meas- 
urements is very important, and it is with its aid that their 
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243 ASTEONOMICAL INSTEUMENTS. 

orbital motion has been determined. The micrometer 
■wires, or the field of view, are illuminated at night by- 
means of a small lamp outside, and a reflector inside, the 
telescope (see Fig, 99). 

440. If we want simply to measure the angular distance 
of one celestial body from another, we use a Sextant ; but, 
generally speaking, what is to be determined is not merely 
their angular distance, but their apparent position either 
on the sphere of observation or on the cetestial sphere it- 
self. 

441. In the former case, — that is, when we wish to de- 
termine positions on .the visible portion of the sky, — we 
use what is termed an Altitude and Azimuth Instrument, 
or briefly an Altazimuth. If we know the sidereal time, 
we can by calculation find out the right ascension and 
declination of a body whose altitude and azimuth on the 
sphere of observation we have instrumentally determined. 

44Z. The Altazimuth. — An altazimuth is an instrument 
with a vertical central pillar supporting a horizontal axis. 
There are two circles; one horizontal, in which is fitted a 
smaller (ungraduated) circle with attached verniers fixed 
to the central pillar, and revolving with it ; the other, ver- 
tical, at one end of the horizontal axis, and free to move in 
all vertical planes. To this latter the telescope is fixed. 
When the telescope is directed to the south point, the 
reading of the horizontal circle is 0° ; when it is directed 
to the zenith, the reading of the vertical circle is 0°. Con- 
sequently, if we direct the telescope to any particular star, 
one circle gives the zenith distance of the star (or its alti- 
tude) ; the other gives its azimuth. 

Ifwe fix or clamp the telescope to the vertical circle, 
we can turn the axis which carries both round, and ob- 

mlcromotcr? Wlint is thense of the PoRltlOD-cirele? How are tbe miCTometer 
wires lllnminaifld at DightT 440. Ifvrewant elmpljto meaeDTetlie nagulardla- 
taDceof one ce)eBtia1 bod; ftom another, wliat do we nuef Generally speaktug, 
what else )B lo be detamiined t 441. What is used when vie wUh to determine 
COBitloii9on(]ieTiBlb!e.parlloaofthea1cf t 442. Desciibe the altazimuth aud Its 
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serve all stars having the same altitude, and the horizontal 
circle will show tlieir azimuths. If we clamp the axis to 
the horizontal circle, we can m.ove the telescope bo as to 




make it travel along" a vertical circle, and the circle at- 
tached to the telescope wili give us the zenith-distances 
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of the stars (or the altitude), which, in this case, will lie iu 
two azimuths 180° apart. 

Pig. 99 represents a portahle altazimuth, the various 
parts of which will be recognized from the foregoing de- 
scription. 

443. The Transit-cirole. — When we wish to determine 
directly the position of a. heavenly body on the celestial 
sphere, a Transit-circle is used. This instrument consists 
(rf a telescope movable in the plane of the meridian, being 
supported on two pillars, east and west, by means of a 
horizontal axis. The ends of the axis are of exactly equal 
size, and move in pieces, which, from their shape, are 
called Y's. When the instrument is in perfect adjustment, 
the line of collimation of the telescope is at right angles to 
the axis, the axis is exactly horizontal, and its ends are 
due east and west. Under these conditions, the telescope 
describes a great circle of the heavens, passing through 
the north and south points and the celestial pole ; that is, 
in all positions it points to some part of the meridian of 
the place. 

On one side of the telescope is fixed a circle, which is 
read by microscopes attached to one of the supporting 
pillars. The cross-wires in the eye-piece of the telescope 
enable us to determine the exact moment of sidereal time 
at which the meridian is crossed; this time is the right 
ascension of the object. The circle attached shows us its 
distance from the celestial equator; this is its declination. 
So by one observation, if the clock is right, the instrument 
perfectly adjusted, and the circle correctly divided, we 
get both coSrdinates. 

444. Setennination of Fositioiu with the Tranrat-circle. 
— As we have already seen, a celestial meridian is nothing 

moda or operation. 443. When we wish to detormlne directly tlie poFllion of it 
boUTsnly body on llie celestial sphere, what is uaedr Of wbat does the tratiiit 
circlucoDslat! When the inetrnment ia perfectly adjnated. what doee the tele 
scope desetlbeC How are rl^t BscenBloil and decHnatlon found viTb tbetraasU 
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but the eiteijsion of a terrestrial one ; and as the latter 
passes through the poles of the Earth, the former will pass 
through the poles of the celestial sphere : consequently, 
wherever we may be, the northern celestial pole will lie 
Bomewhere in the plane of our meridian. If the position 
of the pote were exactly marked by the pole-star, this star 
would remain immovable in the meridian ; and when a 
celestial body was also in the meridian, if we adjusted the 
circle so as to read 0° when the telescope pointed to the 
pole, we could determine the north-polar distance of the 
body by simply pointing the telescope to it, and noting 
the angular distance shown by the circle. 

But, as the pole-star does not lie exactly at the pole, 
we have to adopt some other method. We observe the 
zenith-distance of a circumpolar star when it passes the 
meridian above the pole, and also when it passes below 
it, and taking half the sum of these zenith-distances, we 
find the zenith-distance of the celestial pole. The celestial 
equator, which is 90° from the celestial po]e,'can then be 
readily determined ; its zenith-distance will be the dif- 
ference between the zenith-distance of the celestial pole, 
already known, and 90°. The horizon, which is 90° from 
the zenith, can also be determined. We can, therefore, 
measure angular distances with our transit-circle, 
I, From the zenith. 
II. From the celestial pole. 
HI. From the celestial equator. 
IV. From the horizon. 

Any of these distances can easily be turned into any 
other. 

44;. When we have obtained the distance from the 
celestial equator, we get in the heavens the equivalent of 

circle! 444. If ttio opJeallal pole eiaeUycorreBponded with the polar star, hon' 
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terrestrial latituSe. But this is not enougli; a hundred 
places may have the same latitude, a hundred stars may 
have the same declination; -we need what is called another 
coBriMnate, to fix their position. On the Earth we get 
this other co&rdinate by reckoning from the meridian 
which passes through the centre of the transit-circle at 
Greenwich. So in the heavens we reckon from the posi- 
tion occupied hy the Sun at the vernal equinox. 

The astronomer has, not only a telescope and eii'cle, 
but also a sidereal clock, adjusted (as ah-eady stated) to 
the apparent movement of the stars, or the actual rota^ 
tion of the Earth. Sidereal time, like right ascension, is 
reckoned from the first point of Aries. Hence, a sidereal 
clock at any place will denote the right ascension of the 
celestial meridian visible in the transit-circle at that 
moment ; and if we at the same moment, by means of the 
circle, note how far a heavenly body is from the celestial 
equator, we shall know both its right ascension and declinar 
tion, and its place in the heavens will be determined. The 
Earth itself, by. its rotation, brings every star in turn to 
the meridian of our place of observation, and thus per- 
forms the most difficult part of the work for us. 

446, In order that the angular distance from the 
zenith, and the time of meridian passage, may be correctly 
determined, observations of the utmost dehcacy are re- 
quii-ed. 

The circle of the transit used at Greenwich is read by 
the microscopes in six different parts of the limb at each 
observation, and the recorded zenith-distance is the mean 
of these readings. The right ascension is obtained with 
equal care. The transit of the star is watched over nine 
equidistant wires, in the micrometer eye-piece (called in 



a hravenly body's puBidon ? How la rl^ht asu<!naloD obtsLnedr Huw dous 
Earth itself nesIstHfliimndine 11 f i«\. What fiii ta nre mentioned, lo allow 
care with whicb obaenalionB arc made ? 447. IIuw mail; muthuda me Uicra 
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thia case a transit eye-piece), the middle one being exactly 
ill the axis of the telescope, 

447. KethodB of detemuning the Time of Tr&nsit over 
a Wire, — There are two methods of observing the time of 
transit over a wire, one called the eye and ear method^ the 
other the galvanic or chronographic method. In the 
former, the observer, taking hia time from the sidereal 
clock, which is always close to the transit-circle, listens to 
the beats, and estimates at what interval between two 
beats the star passes behind each wire. An experienced 
observer mentally divides a second of time into ten equal 
parts with no great effort. 

In the second method, an apparatus called a Chrono- 
graph ia used. A barrel covered with paper is made to 
revolve at a uniform rate of speed. By means of a gal- 
vanic current, a pricker attached to the keeper of an 
electro-magnet is made at each beat of the sidereal clock 
to puncture the revolving barrel. The pricker is carried 
along the barrel, so that the punctures, about half an inch 
apart, form a spiral. Here, then, we have the flow of time 
fdrly recorded on the barrel. At the beginning of each 
minute the clock fails to send the current, so that there ia 
no confusion. What the clock does regularly at each beat, 
the observer does when a star crosses the wires of his 
transit eye-piece. He presses a spring, and an ad^tional 
current at once makes a puncture on the barrel. The time 
at which the transit of each wire has been effected, is esti- 
mated from the position the additional puncture occupies 
between the punctures made by the clock at intervals of a 
second. 

The observer is thus enabled to confine his attention to 
the star. , After completing his observation, he can at 
leisure make the necessary notes on the punctured paper 

ofdelennlnlnsthetlmeoftranaKoTerawiref Wliat are they called f Dcacribn 
"the eje oiid ear method." Wl.at, Is used in the second method? Give an 
account of the mude of using the chionogroi>b. WhatadvanCagehas the observer 
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■which ia talcen ofF the barrel when filled, and hound up as 
a permanent record. 

448. Detemunation of Podtions witli the Equatorial. — 
With the tranBit-circle, the position of a body in the celes- 
tial sphere can be determined only when it is on the merid- 
ian. The equatorial enables this to be done, on the other 
hand, in every part of the sky, though not with such ex- 
treme precision. The object is brought to the cross-wires 
of the micrometer eye-piece, and the declination-circle at 
once shows its declination. The right ascension is deter- 
mined as follows: — At the lower end of the polar axis is a 
movable circle divided into the 24 hours. Flush with the 
graduation are two verniers ; the upper one fixed to the 
stand, the lower one movable with the telescope. The 
fixed vernier shows the position occupied by the telescope, 
and therefore by the movable vernier, when the telescope 
is exactly in the meridian. Prior to the observation, the 
circle is adjusted so that the local sidereal time — or the 
right ascension of the part of the celestial sphere in the 
meridian — is brought to the fixed vernier. The circle is 
then moved by the clockwork of the instrument ; and when 
the cross-wires of the telescope are adjusted on the object, 
the movable vernier shows its right ascension on the same 
circle. 

449. Eltar-oatal(^es, — The method which is good for 
detei-mining the exact place of a single heavenly body is 
good for mapping the entire heavens; accordingly, the 
whole celestial sphere has been mapped out, the right as- 
cension and declination of every object having been deter- 
mined. 

The most important of the catalogues in which these 
positions are contained, is due to the German astronomer 

equutorlal fllffet from th« transll-clrck t How la aeclination obtained with the 
sqiiBlorlal r How la right Becenelon dctormlaed f 44<l, What bae heen accom- 
plUhed tbrongU Uiese methode of aading the decHnstlon nod right aecSDsiou t 
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Argelander. This catalogue contains the positions of up- 
ward of 324,000 stars, from N. Decl. 90" to S. Decl, 2". 
Bessel alao has put forth a catalogue of more than 32,000 
stars. Airy and the British Association have published 
similar lists. There are also catalogues dealing with 
double and variable stars exclusively. 

450. Corrections to be applied. — After the astronomer 
lias made his observations of a heavenly body, and has 
freed them from instrumental and clock errors, he has ob- 
tained what is termed the observed or apparent place. 
This, however, is worth very little ; he must, in order to 
obtain its true place, apply other corrections. 

451. Correction for Be&actlon. — ^The first correction is 
needed, to nullify the effect of refraction already explained. 
Refraction causes a heavenly body to appear higher the 
nearer it is to the horizon. On an object in the zenith it 
has no effect : on one near the horizon, its effect is very 
decided; at sunset, for instance, in consequence of refrac- 
tion, the San appears above the horizon after it has actually 
sunk below it. 

The correction, therefore, to be made for refraction, 
depends entirely on the altitude of the body on the sphere 
of observation. Table VII. in the Appendix shows the 
amount of correction for different altitudes. In practice, 
the corrections are themselves corrected according to the 
density of the air at the time of observation. 

452. Correction for Aberratioit. — We have already al- 
luded to the aberration of light (Art^ 410). It results from 
the fact that the observer's telescope, carried round by tJie 
Earth's annual motion round the Sun, must always be 
pointed a little in advance of the star, in order, as it were, 

B7 wUotn ha-ve eUr-caUlogafls ieen pnbllehed; 450. After tho aelronomei h»i 
fonDd the apparent place of a heavenly tody, wbat has he jet In do ? 451. For 
what ts the flrat correctiou neeflcii! What is the elftct 0/ tefractioQ on 11 
heavenly hody in diffUKnt positions! On what, therefore, does the eorrecUon 
to bo made (he reftactlon entirely depend t In ptactica, aceording to what are 
the corretUonB themaelvra corrected! 452. For what it the neil correction t*> 
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to catch the light from it. Hence the star's aberration- 
place will be different from its real place; and, aa the 
Earth travels round the Sun, and the telescope is carried 
round with it always pointed ahead of the star's place, the 

aberration-p lace r e - 

. e- , Tolves round the real 

^1 ''^55' place exactly as the 

Earth (if its orbit l)e 
J ^ regarded as circular) 
I orbit iV! would be seen from the 
,,w.,-r,..i.'.~£!S>'« «» "volve round 
mofthoEarth'amoJionutlhetlmo. the Sun. The aberra- 
tion-places of all stars, in fact, describe cii-cles parallel to 
the plane of the Earth's orbit. If the star lie at the pole 
of the ecliptic, the path of its aberration-place will appear 
as a circle, the centre of which will be at its true place. 
The aberration-place of a star in the ecliptic will oscillate 
backward and forward, as wc are in the plane of the circle ; 
that of one in a middle celestial latitude will appear to 
describe an ellipse. The diameter of the circle, the major 
axis of the ellipse, and the amount of oscillation, will al! 
be equal — about 40.5°; but the minor axis of theellipses 
described by the stars in middle latitudes will increase from 
the equator to the pole. The correction to be made is half 
of the above-mentioned invariable quantity, or 20.25", 
which is called the' constant of aberration. It is deter- 
mined by the following proportion, bearing in mind that 
the 360° of the Earth's orbit are passed over in 366^ days, 
and that light takes about 8 minutes 13 seconds to come 
from the Sun: — - 

DsjB. m. B. o " 

365J ; 8 13 :: 360 : 20.25 
453, The direction of the Earth's motion in its orbit, 



determined? 453. What 1b meant hy Uie Baj-tli'a way f How tac le It ftum tl 
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called the EariKa way, referred to the ecliptic, is always 
90° behind the Sun's position in the ecliptic at the time; 
therefore the aberration-place of a star will lio on the great 
circle passing through the star and the point in the ecliptic 
80° behind the Sun. 

454. Correetioa for Parallax.— Observations of the ce- 
lestial bodies comparatively near the Eaith, such as the 
Moon and some of the planets, when made . at different 
places on the Earth's surface, though corrected as we have 
indicated, do not give the same result, as their positions on 
the celestial sphere appeal- different to observers at differ- 
ent points of the Earth's surface. This effect will be "readily 
understood by changing our position with regard to any 
near object, and observing it as projected on different 
backgrounds in the landscape. The nearer we are to the 
object, the more will its position appear to change. To 
get rid of these discrepancies, the observed positions are 
further corrected to what they would be were the observa- 
tions made at the centre of the Earth. This is called ap- 
plying the correction for parallate. 

455. Parallax is the angle under which a line drawn 
from the observer to the centre of the Earth would appear 
at the body observed; in other words, it is the angle 
formed at the body in question by two lines drawn one to 
the observer's eye and the other to the Earth's centre. 
When a body is at the zenith, it has no parallax. When 
it is on the horizon, its parallax, which is then termed its 
Horizontal Parallax, is greatest. 

This is obvious from Fig. 101. C being the Earth's 
centre, and 6* an observer, a body at Z (the zenith) is seen 
in exactly the same direction from both points, and has 
no parallax. At S its parallax h OSG, and at JT it is 

Bull's position in the flciiptic? In what, UiBrofore, willthe aterrfltlon-ploce of a 
Btarliet 4M. Wh;doohservationB madoatdlfl^Knt parts oFIHe Eurth's BurfacA 
have to ho correctod 1o what they wonld bo if made tcom. the Bacth's conlre ? 
What 18 this correction calledf 45S. What la Parallax? Wbui is HorlzoDta] 
PandUxt Wbere la parallax least, uid wbete greatest r Ehow Uiie with Fig. 
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one, which ia greater 
than O S G or the angle 
that would be formed 
at any point between S 
and-ffi 

As shown by the 
9 dotted prolongations of 
the lines OS, OS, a 
body seen from would 
appear farther from Z 
than if seen from C; 
hence, to obtain the true 
zenith-distance, we must 
subtract the correction 
for parallax from the ap 
parent zenith-distance. 

456, Changes in Fositions already determined. — Wo 
have seen that the positions of the heavenly bodies are 
determined with reference to either the plane of the 
ecliptic or the plane of the equator; and that from one 
of the points of intersection of these two planes — that, 
namely, occupied by the Sun at the vernal equinox, called 
the first point of Aries and written T — right ascension 
and celestial longitude are both reckoned. If these planes, 
then, are changeless, a position once determined will be 
determined forcTcr; but if either plane varies, then the 
point of intersection will of course vary, and corrections in 
the positions of the stars as once determined will be neces- 
sary from time to time. Now, it is found that changes 
occur in both planes. 

457. It has been stated that the Earth's axis always 
points in the same direction. Strictly speaking, this is 
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not the case. The pole of the Earth is constantly changing 
its position, and revolves round the pole of the ecliptic in 
24,450 years, so that the pole-star of to-day will not be the 
pole-star 3,000 years hence. 

From this a very important fact follows. As the Earth's 
axis changes, the plane of the equator changes with it, and 
so that each succeeding vernal equinox happens a little 
earlier than it would otherwise do. This is called the 
Precession of the Equinoxes, because the equinox seems to 
move backward, or from left to right, so as to meet the 
Sun earlier. In the time of Hipparchue — 2,000 years ago 
— the Sun at the vernal equinox was in the constellation 
Aries ; it is now in the constellation Pisces. 

45S. The plane of the ecliptic is also subject to varia- 
tion. Tliis is termed the Secular Variation of the Obliquity 
of the Ecliptic. 

459. Of these changes, the precession of the equinoxes 
is the more important. It causes the point of intersection 
of the two fundamental planes to recede 60.37572° annually. 
To this is due the difference in length between the sidereal 
and the tropical year. 

460. Cause and 'EBeci of these Changes. — The cause of 
these changes is the attraction exercised by the Sun, 
Moon, and planets, upon the protuberant equatorial por- 
tions of our Earth. The effect is to render both latitudes 
and longitudes, right ascensions and declinations, variable. 
Hence the observed position of a heavenly body to-day 
will not be the position occupied last year, or to be 
occupied next year. Apparent positions have to be cor- 
rected, to bring them to some common epoch, such as 
1850, 1880, etc., so that they may be strictly comparable. 

the equinox ^eem to movet What Is this motion cotlcdT Since the tlm^ of 
Hlpparchue,!!!!!!! change haa taken place in the poeltton of the Snnnt theveTDUl 
equinoif 4S8. What ia thBTurifllion In the plane oTlhr) ccliptlccailedT 459. Of 
these phangos, wiilch is the more importiintt What m the amount of reiwssion 

chBUgea in the piano of (bo ecliptic and the place of the equator! What la their 
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461. Celestial Latitade and Longitude, how determined. 

— Celestial latitude and longitude, which are used to 
determine the position of heavenly bodies with reference 
to the ecliptic, are not obtained by observation, but are 
.calculated from the true right ascei^on and declination 
by means of spherical trigonometry. 

462, Beoapitnlatioa. — Let us recapitulate what has 
been said as to the methods by which the true positions 
of the heavenly bodies are obtained : — 

1. The astronomer, to make observations on that part 
of the celestial sphere wMch is visible to him, makes use 
principally of a sextant or an altazimuth. The positions 
of a body thus determined may by calculation be referred 
■to the celestial sphere itself, and its right ascension and 
declination determined. 

2. Observations of a body with regard to the celestial 
sphere itself are made principally by means of a transit- 
circle or an equatorial, by which both apparent right 
ascension and declination may be directly determined. 

3. In all observations, the instrumental and clock errors 
are carefully corrected. 

4. Besides the instrumental and clock errors, there are 
others — caused by the refraction and aberration of light, 
— which must also be corrected. 

5. Besides these, another error, parallax, restdts from 
the observer's position on the Earth's surface. This is 
corrected by reducing all observations to the Earth's 
centre. 

6. There are still other errors depending upon the 
change of the intersection of the two planes to which all 
measurements are referred. These are got rid of by re- 
ducing all observations to a point of time (as parallax was 
got rid of by reducing them to a point of space — the centre 

efttctt To what &o appsrent poaitlonfl bare to be correcled ! 4111, How ate 
celCBtlal latiwae and longitude obtslnedf 4113. Kecapitulate what haebeKn said 
■B to (be mctboda b; wblch tbe hua poBitloiiB ot tbe beuvBal; bodiee sra 



, Google 



NAUTICAL ALMANACS. 255 

of the Earth). Some year is fixed upon, and the observa- 
tions reduced to what they would have been at this time 
if the year is past, or what they will be when made at this 
time if the year is to come, 

7. The right ascension and declination are easily con- 
verted by calculation into celestial longitude and latitude, 
if required. 

463. By means of observations freed from these errors, 
and extending over centuries, astronomers have been ablo 
to determine the positions of all the stars with the greatest 
accuracy, aud to i^cover the proper motions of some of 
their number. They hare alao investigated the motions 
of the bodies of our system so thoroughly as to ascertain 
the laws by which they are regulated, and to be able to 
predict their exact positions for yews to come. 

This information is embodied in an Almanac or Ephe- 
mens, published in advance by each of the principal Gov- 
ernments, for the use of travellers and navigatora. The 
United States and the English Nautical Almanac are pub- 
lications of this character, in which are given, with most 
minute accuracy, the positions of the principal stars, the 
planets, and the Sun, &om day to day, and the positions 
of the Moon from hour to hour. These positiotis enable us 
to determine — I. Time, II. Latitude. Ill, Longitude. 

Determination of IHme, latitude, and Longitude. 

464. Seteraiinatioii of Time. — When time only is re- 
quired, a transit-instrument is used ; that is, a simple tel- 
escope mounted like the transit-circle, bvi without the circle, 
or with only a small one — the transits of stars, the right 
ascension of which has been already determined with great 
accuracy by transit-circles, in fixed observatories, being 

oblatned, 4B3. Bf msHns uf obeorvatfona tbuB tteeA from errors and eTtendinu over 
cSDtnrte«, what hare astronmaers been abls tadaf In wbat <a Uila luronnallcm 
Brnbodifld} Wbat »re given in Ihe Nautioftl Almanac? Wtial do iheae ponilious 
enable ns to deteimiae t 401. Wbe&tims onlj ia required, wimt Is UHed! Han 
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observed. This gives us tlie local aidoreal time, which 
may, if necessary, be converted into mean solar time. 

465. Setermination of Latitude. — To dotei-mine our 
poBition on the Earth's sui-face, all we need is our latitude 
and longitude. The determination of the former in a fixed 
observatory is an easy matter, if proper instruments be at 
hand. For instance : half the sum of the altitudes (cor- 
rected for refraction) of a circnmpolar star, at upper and 
lower culmination, even if its position is unknown, will 
give us the elevation of the pole, and therefore the latitude 
of the place. 

Again, if we find the zenith-distance of a star, the dec- 
lination of which has been accurately determined, we can 
readily obtain the latitude. For, as declination ia referred 
to the plane of the terrestrial equator prolonged to the 
stars, it ia the exact equivalent of terrestrial latitude. If 
a star of 0° declination is observed exactly in the zenitli, 
the observer must be on the equator ; if the declination of 
a Btar in the zenith is 45°, then our latitude is 45° ; if a 
star of declination 39° N. passes 10" to the north of our 
zenith, then our latitude is 38° 59' 50', and so on, 

466, On board ship, and in the case of explorers, the 
problem is for the most part limited to determining the 
meridian altitude of the Sun or Moon, as the sextant only 
can be employed. Suppose such an observation to give the 
altitude as 29° from the south point of the horizon — equiv- 
alent to 61° zenith-distance — and that the Nautical Al- 
manac gives its declination on that day as 12° south; if 
we were in lat, 12° S. the Sun would be overhead, and its 
zenith-distance would be 0°; as it is 61° to the south, we 
are 61° to the north of 12° S., or in N. lat. 49°. So, if we 
find the meridian altitude to be 10° from the north point 
of the horizon (or the zenith-distance to be 80°), and the 
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Nautical Almanac gives the declination at the time as 20" 
N., our position will be in 60° S. lat. 

467. Determination of Longitude. — Longitude is in fact 
time, and difFerence oi" longitude is the difference of the 
times at which the Sun crosses any two meridians, the 
twenty-four hours solar mean time being distributed among 
the 3(J0° of longitude, so that 1 hour = 15°, and so on. 

Several ways of determining longitude are employed 
in fixed observatories. The most convenient one consists 
in electrically connecting the two stations whose difference 
of longitude is sought, and observing the transit of the 
same stars at each. Thus the transits at station A are re- 
corded on the chronograph at stations A and J}, and the 
transits at station M are similarly recorded at S and A ; 
from both chronographs the interval between the times of 
transit is accurately recorded in sidereal time, and the 
mean of all the differences converted into mean solar time 
gives the difference of longitude. 

468. One mode of determining longitude at sea, which 
consists in finding the difference between local time, and 
Greenwich time 8S indicated by an accurate chronometer, 
and converting this difference into difference of longitude, 
has been explained in Art. 191. 

A second method consists in making use of the heavens 
as a dial-plate, and of the Moon as the hand. In the 
Nautical Almanac, the distances of the Moon from the stars 
in her course are given for every third hour in Greenwich 
time. These distances are to be corrected for refraction 
and parallax. The sailor, therefore, observes the Moon's 
distance from the stars in question, and corrects his obser- 
vation for refraction and parallax. Referring to the 
Nautical Almanac, he sees the time at Greenwich at which 
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the distance is tLe same as that which he has obtained; 
and knowing the local time {from day ohservations) at the 
instant at which his observation was made, he readily finds 
the difference of time, and thence the difference of longi- 
tude. 

Determination of Distances. 

469. To determine the distances of the heavenly bodies, 
astronomers have recourse to methods similar to those used 
by surveyors in measuring distances on the Earth, When 
two angles of a triangle and the length of the included side 
are known, the remaining angle and sides can with the aid 
of trigonometry be determined. Accordingly, a base-line 
which subtends an appreciable angle at the body in ques- 
tion, and whose length is accurately found, being taken, a 
triangle is formed by drawing lines from the ends of the 
base to the object. The angles at the extremities of the 
base-line being then determined by observation, the par- 
allax of the body and its distance from the Earth can be 
fouiid. 

470. Farallaz of the Hoon, — In the case of the Moon, 
the base-line taken is the distance between two places on 
the Earth's surface remote from each other, which distance 
can be determined from their positions on the globe when 
the size of the Earth is known. The mean equatorial hori- 
zontal parallax of the Moon has thus been found to be 
nearly 57' 6', 

471. Determmation of the Distance of Harg, — In the 
case of Mars, the Earth's diameter is made the base-line, 
observations being taken at the same place at an interval 
of 12 hours, which owing to the Earth's rotation separates 
the points of observation by the length of the Earth's 

4BB. To determine tlie distances of the heavenly bodiee, to what do oitronomera 
have recnureef Biplain the mode of proceeding. 411). Whatlg taken forabase- 
line In the awe ot tlie Moon ? What le the mean equatorial horfiontal parallai; 
of tia Moon Iband lo be t 471. What te made tlie baee-llne In the case of Mara I 
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diameter — allowance being made for the motion of both 
planets in the interval between the observations. 

472. The Sun's Parallax. — As seen from the Sun, the 
Earth's diameter is so small that it is useless as a base-line 
in determining the Sun's distance. This can, however, be 
obtained directly by a method pointed out by Halley in 
171fl, based on observationB of the transit of Venus, Un- 
fortunately, these transits happen but rarely ; the last took 
place in 1769, the next available one will be in 1882. On 
the other hand, when they do occur, as the planet is pro- 
jected on the Sun, the Sun serves the purpose of a microm- 
eter, and observations may be made with the most rigor- 



The old value of the Sun's parallax, obtained by 

Bessel from the transit of Venus, was . 8.578" 

New value obtained by Hansen from the Moon's 

parallactic equation, 8,916' 
" " Winneoke from observa- 

tions of Mars, . . . 8.964" 

" " Stone, 8.930' 

" " Foucault, from the veloci- 

ty of light, . . . 8.960" 
*' " Le Verrier, from the mo- 

tions of Mars, Venus, 
and the Moon, . . , 8.950" 
The difference between the old and the new value now 
generally accepted, which equals about two-fifths of a sec- 
ond of arc, amounts to no more than the apparent breadth 
of a human hdr viewed at the distance of about 125 feet. 
Yet it requires us to alter the distance and diameter of 
nearly every body in the solar system, and makes a diifer- 

How Is thla done? «3. On whit Is the method of finding the Sun's purallBX 
baeedf Why la not the Earth's diBhieler uaea as n base-ltne! When will the 

oliialned fi'om the transit of Venue ? What later valuoH have been obtalneilt 
Wtat ie lie dififeteace between (lie oldand Uia new value now generally accepted! 
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ence of abont 3^ millions of miles in the distance of the 
Sun itselfl According to the old value of the parallax, the 
Sun's distance was about 95,000,000 miles ; according to 
the new, it is but 91,430,000. The transit of 1882 will be 
observed with the greatest care, to see whether this new 
value of the solar parallax is confirmed. 

473- Parallax of tto Stars.— Having thus obtained the 
distance of the Sun, we have a base-line of enormous di- 
mensions ; for the positions successively occupied by our 
Earth in two opposite pointsof its orbit will be 183,000,000 
miles apait, and we can make this our base-line by taking 
observations at the same place at an interval of six months. 
But we find that even this great line is insufficient to meas- 
ure the distances of the stars. In almost every case, there 
is no apparent difference in the position as observed in 
January and July, February and August, etc. As seen 
&om the fixed stars, the Earth's orbit is but a point ! 

Now, an instrument such as is ordinarily used should 
show us a parallax of one second — that is, an angle of 1' 
subtended at the star by half the base-line we are using; 
and a parallax of 1' means that the object is 206, 26S times 
farther away than we are from the Sun, as the Sun's dis- 
tance is the half of our base-line. If, then, a star's parallax 
be less than l", the star must be farther away than 206,265 
times 91,430,000 miles ! — and this we find to be the case 
with every star in the heavens, 

474. In the great majority of cases, the true zenith- 
distance of a star is the same ail the year round. As this 
true place results from the several corrections referred to 
in Art, 462, even when there is a slight variation, it may 
be wrong to ascribe it to parallax. A slight error in the 

What diflferonee In (he Son's dlatmice does Oils Bmall difference of pflraJlai mskf r 
473. What Disj' now be taken as B baee-ltne, U> And the parsllai nf the stars? 
Hflw may It be made available! IB it fonnd Bnfllclent for the pnrpoBet Why 
not! How ereat a parallai ahouid an ordinary telcBCope show us! If a star' b 

with reapect to the distance of every star Id tlie heavene ! 414. In the Cine iif 
vha( etar alone was tbe parallax iimai by tbla methodt What method naa 
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refraction, or the presence of proper motion in the star; 
would give rise to a greater difference of position than the 
one due to parallax, as in no case does the latter exceed 1'. 
Hence, as long as the problem was approached in this 
manner, very little progreaa was made, the parallax of a 
C'entauri (0.9187") alone being obtained. 

Bessel, however, employed a method by which the 
various corrections were done away with, or nearly so. 
He chose a star having a decided proper motion, and com- 
pared its position, night after night, by means of the 
micrometer only, with other small stars lying near it which 
had no proper motion, and which therefore he assumed to 
be very much farther away. He found that the star with 
the proper motion did really change ita position with re- 
gard to the more remote ones, as it was observed from dif- 
ferent parts of the Earth's orbit. This method has since 
been pursued with great success. Here is a table showing 
the parallax and distance of some of the nearer stars, as 
obtained by this method. 



a Centauri . , . 
61 Cygni , . , 
1830 Groombridge 
VO Ophiuchi , , 
Vega ■ . . , 
Sirius .... 
Arcturus . . . 
Polaris .... 
Capella .... 



0.9187 

0.5638 

0.22S 

0.16 

0,155 

0.15 

0.127 

0.067 

0.046 



224,000 
366,000 
912,000 
1,286,000 
1,337,000 
1,375,000 
1,624,000 
3,078,000 
4,484,000 



t xQCceed r What star la nearest to th« I^rtl 
Jiva tbe pamllai und distunco or fit Cygnl. i 
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Thus a Centauri, which is the nearest star, is found to 
be 224,000 times as far off as the Sun, or more than 
20,000,000,000,000 miles. 

Xhtermination of the Size of the Heavenly Sodies. 

475, When the distance of a body is known, and also 
its angular measurement, its size is determined by a simple 
proportion ; for the distance is, in fact, the radius of the 
circle on which the angle is measured. 

There are 1,296,000 (300X60X60) seconds in an entire 
circumference. Hence, as the circumference is 8.1416 
times the diameter, and the diameter is twice the radius, 
there are as many seconds in that part of the circumference 
which equals the radius as twice 3.1416 is contained times 
in 1,296,000 — or 206,265'. Hence the following propor- 

ThsdiflmelCTl (.hedUfaneel Itheaneulflrl 1 , 

-SiS']-- i"fflr.r[- ],*rs.j '\«i^ 

Calling the diameter in miles d, by multiplying the means 
together and dividing their product by the given extreme, 
we get the following formula ; — 

, distance x angular diameter 



0) 



he mean ntigukr diameter of the Moon i) 
nee is 331,640 miles ; what is its diametet 
Applying Formula 1, we have 

A = ^37640 X lfi6S.8 
■~ 206295 



2153 miles. 



In Table II, of the Appendix are given the greatest and least apparent 
angular diameters of the planets, as seen from the Earth. Hence 
tbe mean angular diameters ean be found, and with these and the dis- 
tances given in Art. 367, the student can calculate the real diameters Eoc 
bimself 

Yipi. OfSIrlns. OfATctnrn^. 4TS. Fromwhatcnn the size of alteavenlybodr 
be detflrminoil, and how? Giso the procenB hy which the foraiulo (hrflnaing tha 
diauielor InmlleB can bo obtaiDed. Giio the tormnla. Applj this formula, to 
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476. From Fonnnla 1 we derive Formula 2 given 
below, which is to be used when the diameter in miles and 
the angular diameter are known, and the distance is re- 
quired : — 

Distance = ^°^^«^ '< ^ (2) 

angular diameter in seconds 
Tho diameter of the San being B52,l>84 milea, and its mean anguloj 
Uiametfir 32' 4,205", what ia its distance ? 



CHAPTER XV. 
THE SFEOTRtJM. 

477, A CAREFUL examination of the solar spectrum has 
revealed to us the importance of solar radiation (Art, 127), 
Not only may we liken the gloriously-colored bands which 
we call the spectrum to fhe key-board of an oigan — each 
ray a note, each variation in color a variation in pitch — 
but as there are sounds in nature which we cannot hear, 
so there are rays in the sunbeam which we cannot see. 

What we do see ia a band of color extending from 
red, through orange, yellow, green, blue, and indigo, to 
violet ; but at either end the spectrum is continued. There 
are dark rays before we get to the red, and other dark 
rays after we leave the violet — the former heat rays, the 
latter chemical rays. This accounts for the threefold 
action of the sunbeam; heating power, lighting power, 
and chemical power. 

478, Gradual Formation of a Spectrum, — When a cool 
body, such as a poker, is heated in tho fire, the rays it 

fiiiil Che diameter of the Moon. 4T6. Give the rormnla for Boding Itae distance, 
when tho diameter in mileo and the angnlar diameter are known. Apply this 
romiula. to And the distance of the Sun. 

477. What hne been revealed to oa by an eiaminatlon of the eolflr spectrum t 
What do we Bee in the cpeetmni ( What are there that we do not seof What 
three kinds of raya are combined in the ennhcam f 4T8. Give an socoont of (he 
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first emits are invisible ; if we look at it through a prism, 
we see notliing, though we easily perceive by the hand 
that it is radiating heat. As it is" more highly heated, the 
radiation gradually increases, until the poker becomes of a 
dull-red color, the first sign of incandescence ; in addition 
to the dark raya it previously emitted, it now sends forth 
waves of red light, which a prism will show at the red end 
of the spectrum. If we still increase the heat and con- 
tinue to look through the prism, we find, added to the 
red, orange, then yellow, then green, then blue, indigo, 
and violet; when the poker is white-hot, all the colors of 
the spectrum are present. If, after this point has been 
reached, the substance allows of still greater heating, it 
will give out with increasing intensity the rays beyond 
the violet, until the glowing body can rapidly act in form- 
ing chemical combinations, a process which requires rays 
of the highest refrangibility — the so-called chemical, ac- 
tinic, or ultra-violet rays, 

479. Fraanhofei'a Lines. — We owe the discovery of 
the prismatic spectrum to Sir Isaac Newton, but the 
beautiful coloring is but one part of it. Dr. Wollaston, in 
1802, discovered that there were dark lines crossing the 
spectrum in different places. These have been called 
Fraunhofer's Lines, as an eminent German optician of that 
name afterward mapped the plainest of them with great 
care; he also discovered that there were similar lines in 
the spectra of the stars. The explanation of these dark 
lines we owe mainly to Kirchhofi^ The law which ex- 
plains them was, however, first proved by Balfour Stewart. 

480. Experiments with the Spectroscope. — We shall 
observe the lines best if we make our sunbeam pass 
through an instrument called a Spectroscope, in which 

BDccetiBiTe eteps ia the rormatlon ofa Bpeclram bys body SDbJected U> boat, 479, 
By whom was tlie prismatic Bpectnini itiacovered ! What dlBcovjry was niado 
by WollaatoD ( What are these llnBB called, and why ( Who flrst eiplained 
ttenit 480. Howcin webeatobBerve the llnea? Viewed with a Bpectroecope, 
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several prisms are carefully monnted. We find the spec- 
trum crossed at right angles to its length by numerous 
dark lines— gaps — which we may compare to silent notes 
on an organ. Now, if we light a match and observe its 
spectrum, we find that it is eontinuoua ; it runs from red 
through the whole gamut of color, to the visible limit of 
the violet ; there are no gaps, no dark lines, breaking up 
the band. 

Another experiment. Let us burn something which 
docs not burn white ; some of the metals will answer our 
purpose. We see at once by the brilliant colors that fall 
upon our eye from the vivid flame that we have here 
something different. The spectrum, instead of being con- 
tinuous as before, now consists of two or three lines of 
light in different parts ; as if on an organ, instead of press- 
ing down all the keys, we sounded but one or two notes in 
the bass, tenor, or treble. 

Let us try still another experiment. We will so arrange 
our prism, that while a sunbeam is decomposed by its 
upper portion, a beam proceeding from burning sodium, 
iron, nickel, copper, or zinc, may be decomposed by the 
lower one. We shall find in each case, that when the 
bright lines of which the spectrum of the metal consists 
flash before our eyes, they will occupy exactly the same 
positions in the lower spectrum as some of the ^rk bands 
do in the upper solar one. 

481. Here, then, is the germ of Kirchhoff's discovery, 
on which his hypothesis of the physical constitution of the 
Sun is based ; here is the secret of the recent additions to 
our knowledge of the stars, for stars are suns. 

Vapors of metals, and gases, absorb those rays which 
the same vapors oj" metals and gases themselves emit. 
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482. Paots established by Experiment— By experiment- 

g in this manner, the following facte have been estab- 



I, When solid or liquid bodies are incandescent, they 

give out continuous spectra. 
IL When any gas, or solid or liquid body reduced to the 
state of gas, burns, the spectrum consists of bright 
lines only, and these lines are different for different 
substances. 
IIL When light from a solid or liquid passes through a 
gas, the gas absorbs those particular rays of which 
its own spectrum consists. 

483. Fraunhofer's Lines explained. — We now see what 
has become of those rays which the dark lines in the solar 
Bpectram tell us are wanting. Before they left the regions 
of our incandescent Sun, they were arrested hy those par- 
ticular metoMie vapors a/nd gases in Ms atmosphere with 
which they beat in unison; and the assertion that this 
and that metal exists in a state of vapor in the Sun's 
-atmosphere, is based upon their absence. So various and 
constant are the positions of the bright bands in the 
spectra we can observe here, and so entirely do they 
correspond with certain dark bands of the spectrum of the 
Sun, that it has been affirmed that the chances for the cor- 
rectness of the hypothesis are something like 300,000,000 
to 1, 

484. Spectra of the Stars. — Fraunhofer was the first to 
apply this discovery to the stars ; and we have lately reaped 
a rich harvest of facts, in the actual mapping down of the 
spectra of several of the brightest stars, and the examina- 
tion, more or less cursory, of a very large number. In 

4SS. What three BlctB as to apeeirn have been estaNiehed by piperlmeDtf 483. 
lo TlawoftheBe facta, how are rrfluuhofer-sliQea explaliiefl! What ilo wecon- 
le Bpeclrum ? 4S4. To what hii'i this 
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every ease, we find an atmosphere sifting out the rays 
that beat in unison with the metallic and gaseous vapors 
which it contains, and sending to us the residuum, a 
broten spectram abounding in dark spaces. 

485. Importanoe of these ReBearehes. — A few words 
will show the great importance of these facta. They tell 
us that, as the solar spectrum contains dark lines, the light 
is due to solid or liquid particles in a state of great heat, 
or inccmdesoenee ; and that the light given out by these 
particles is sifted, so to speak, by its atmosphere, which 
consists of the vapors of the substances incandescent in 
the photosphere. Further, as the lines in the reveraed 
spectra occupy the same positions as the bright lines given 
out by the glowing particles would do, and as we can by 
experimenting on the different metals match many of the 
lines exactly, we can thus see which light is abstracted, 
and what substance gives out this light. Having done 
this, we know what substances (Art. 126) are burning in 
the Sun. 

Again, we find that all the stars are more or less like 
the Sun, for their spectra exhibit nearly the same appear- 
ances; we can also tell, as above, what substances are 
burning on their surfaces (Art, 83). 

486. Spectra of the NebuUe. — The spectra of the nebulae, 
instead of resembling that of the Sun and stars, — that is, 
showing a band of color with black lines across it, — con- 
sist of a few bright lines merely. 

487. On August 29th, 1864, Mr. Iluggins directed his 
telescope, armed with the spectrum-apparatus, to the plan- 
etary nebula in Draco. At fii'st he suspected that some 
derangement of the instrument had taken place, for no 
spectrum was seen, but only a short line of light, perpen- 
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dicular to the direction of dispersion. He found that thQ 
light of this nebula, unlike every other celestial light which 
had yet been subjected to prismatic analysis, was not com- 
posed of rays of different refrangibility, as in the case of 
the Sun and stars, and that therefore it could not form a 
spectrum. A great part of the light from this nebula con- 
sists of but one color, and was seen in the spectroscope as 
a bright line. A more careful examination showed another 
line, narrower and much fainter, a little more refrangible 
than the brightest line, and separated from it by a dark 
interval. Beyond this again, at about three times the dis- 
tance of the second line, a third exceedingly faint line was 

The strongest line coincides in position with the bright^ 
est of the air-lines. This line is due to nitrogen, and oc- 
curs in the solar spectrum about midway between b and_/^ 
(see Frontispiece). The faintest of the lines of the nebula 
coincides with the line of hydrogen, marked f in the solar 
spectrum. The other bright line was a little less refrangi- 
ble than the strong line of barium. 

488. Here, then, we have three little lines forever dis- 
posing of the notion that all nebulte are clusters of stars. 
"With what trumpet-tongue does such a fact speak of the 
resources of modem science ! That nebulfe are masses of 
glowing gas is shown by the fact that their light consists 
merely of a few bright lines. 

An object-glass collects a beam of light which would 
otherwise have bathed the Earth forever invisibly to mor- 
tal eye. The beam is passed through a prism, and in a 
moment we find tbat'we have no longer to do with glow- 
ing Suns enveloped in atmospheres enforcing tribute from 
the rays which pass through them, but with something 

does UieatrongeBt line of this apectrum coincide T With what, tlift fointoBt liner 
With what does Hio..thor bright lino ncnrlj correspond t 488. WhBt imporiunt 
fhct rospBCtin? tho physical eonatltntion of DebuliB in OBtiiNlshod by tboxo three 
liMlo linea I 489. Describe the Bpectrum of Ibe Moon. What may bo iDfacMd 
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devoid of atmosphere, and that something a glowing mase 
of gas (Art. 102). 

489. Spectra of the Uooit and Planets. — That moon- 
shine is but sunshine second-hand, and that the Moon has 
no sensible atmosphere, is proved by the fa«t that in the 
spectroscope there is no difference, except in brilliancy, be- 
tween the two. That the planets have atmospheres is 
shown in like manner, since in their light we find tJie same 
lines as in the solar spectrum, with the addition of other 
lines due to the absorption of their atmospheres. 

490. Explanation of the Frontupiece. — In the Frontis- 
piece are given representations of the solar spectrum, two 
stellar spectra, the spectra of the Nebula 37, H. iv., and 
the double line of sodium. The latter is shown, to explain 
the coincidences on which our knowledge of the substances 
present in the atmospheres of the Sun and stars depends. 
The light given out by the vapor of sodium consists only 
of the double line shown in the plate. A black double line 
is seen in exactly the same position in the spectra of the 
Sun, Aldebaran, and a Orionis ; hence we infer that sodium 
is present in the atmospheres of all these suns. 

Similarly, were we to observe the spectrum of the vapor 
of iron, in the same position as the 400 or 500 bright bands 
visible in this c^e, we should see coincident black lines in 
the spectrum of the Sun, The feeble light of the stars 
does not permit all these lines to be observed. It is seen 
in the plate that one of the bright bands in the spectrum 
of the nebula is coincident with one of the lines of nitro- 
gen, and one with the hydrogen line. 

491. In the spectrum of a Orionis, among eighty lines 
observed and measured, no less than five cases of coinci- 
dence have been detected ; that is to say, we have now 
evidence — universally accepted in the analogous ease of 

from Ihle f Deeeribe the spectmm of the planets. Wli»l follows f 490. What 
are raproBentod In the Frontispiece ( Show how we And the snhBWDceB pres- 
ent Id the atmoepberee of the stare, b; taking Bodima and Iroa aa eiBiuplee. 
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the Sun — that Bodiam, magnesium, calcium, ii'on, and bis- 
muth, are present in the atmosphere of a Orionis. 

492. The Spectroscope. — The Star Spectroscope, with 
which these spectra have been observed, is attached to the 
eye end of an equatorial. As the spectrum of the potfit 
■which the star forms at the focus is a line, the first thing 
done in the arrangement adopted is to turn this line into 
a band, in order that the lines or breaks in the light may 
be rendered visible. 

The other parts of the arrangement are as follows: — 
A plano-convex cylindrical lens, of about fourteen inches' 
focal length, ia placed with its axial direction at right 
angles to the direction of the slit, and at such a distance 
before the slit, within the converging pencils from the ob- 
ject-glass, as to give exactly the necessary breadth to the 
spectrum. Behind the slit, at a distance equal to its focal 
length, is an achromatic lens of 4^ inches' focal length. 
The dispersing portion of the apparatus consists of two 
prisms of dense flint-glass, each having a refracting angle 
of 60". 

The spectrum is viewed through a small achromatic 
telescope, provided with proper adjustments, and carried 
about a centre adjusted to the position of the prisms by a 
fine micrometer screw. This measures to about ^t^ "^^ 
the interval between A and ^of the solar spectrum. A 
small mirror attached to the instrument receives the light 
which is to be compared directly with the star-spectrum, 
and reflects it upon a small prism placed in front of one 
half of the slit. This light is usually obtMned from the 
induction-spark taken between electrodes of different 
metals, raised to incandescence by the passage of an in- 
duced electric current. 

«1. What 18 shown Ij J an eiamlnation of the sppctium of o O/ionlef 49*. To 
whol is the star-epectrosoope attached! Id the arranjjeineiit adoptod, wtiat is the 
Brat thingdonef Descrihe the other parts of the arrangement. Throuffh what 
iB the apectrnm viewed? How la the light which is to be eompared with the 
star-spectnim received ( How is thia lightusuaQy oMaiued; 493, Doecrlbe the 
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493. A very powerful Spectroscope was for some time 
used at the Kew Observatory, in England, for mapping the 
Bolar spectrnm. The light enters at a narrow sht in one 
of the collimators, which is furnished with an olnject-glass 
at the end next the prism, to render the rays parallel be- 
fore they enter the prisms. In the passage through the 
prisma the ray is bent into a circle, widening out as it 
goes. 

494. It is often convenient to use what is termed a 
Direct-vision Spectroscope — that is, one in which the light 

enters and leaves the 
prisms in the same straight 
line. How this is man- 
a g e d in the tlerschel- 
Browning spectroscope, 
acBEL-BuoHHiHi) SPBPrnoacopE. one of the best of its kind, 

by means of successive refractions and reflections, may be 

gathered from Fig. 102. 

495. Celestial Photography. — ^In both telescopic and 
spectroscopic observations, the visible raya of light are 
used. The chemical rays, however, being also present, 
photographs of the brighter celestial objects can be taken ; 
and celestial photography, in the hands of Mr, De La Rue 
and Mr, Rutherford, has been bronght to a high state of 
perfection. The method adopted is to place a sensitive 
plate in the focns of a reflector, or refractor properly cor- 
rected for the actinic rays, and then to enlarge this picture 
to the size required, De La Rue's photographs of the 
Moon, some 1^ inches in diameter, are of such perfection 
that they bear subsequent enlargement to 3 feet. These 
pictures are now being used as a basis of a map of the 
Moon, 200 inches in diameter. 



arrangement fbr tho liRht in a powerful spectroscope nscd nt K«w for esaminlnit 
tbe enlat spectrnni. 4M, What is It olteo convenient to use ! 495. What ie said 
of celestial photoeraphy t What fa the method adopted! What nas is being 
made of Do Ln itae's photographs or the Moon > 
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CHAPTER XVI. 
UNIVERSAL GRAVITATION. 

496. Uotioil, — If a body at rest receive an impulse in 
any direction, it will move in that direction, and -with a 
uaiform velocity, if it be not stopped. If wo set a body 
in motion on tie Earth's surface, it will soon be stopped 
by friction. If we fire a cannon-ball in the air, it will in 
time be arrested by the resistance of the air; moreover, 
while its speed is slackening from this cause, it will fall, 
like every thing else, to the Earth, and its path will be a 
curved line. 

Were it possible to fire a cannon in spa«e where there 
is no air to resist, and were there no body to draw the 
ball to itself, as the Earth does, the projectile would for- 
ever pursue a straight path, with a unifoi-m velocity. As 
it is, the moment the hall leaves the cannon, there is 
superadded to the original velocity of projection an 
acceleration directed toward the Earth ; and the path 
described is what is called a resultant of these two 
velocities. 

497. Parallelogram of Forces. — To illustrate resultant 
motion, suppose that the cricket-ball A, in Fig. 103, re- 
ceives an impulse which will send it to _B in a certain 
time; it will move in the direction AJ^, Suppose, again, 

it receives an impulse 
that will send it to C in 
the same time ; it will 
move in the direction 



Pjo. 103,— EiaiiLELO 



A G, and more slowly, 
as it has a less distance 



406. If a bods "t rest roceivo an impulse In any direction, how will it nn 
WTint eoon elnps a Ijofly eet In motion on the Earth's Bur/ace ? By what 
eannon-bEill fired In the air stopped, and what is ite course t Of what Is the j 
described by such a pcoiectlle the reBullaotr 491. niustnite reeaUant mo 
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to go. But suppose, again, that both these impulses are 
given at the same moment ; it will go neither to J5 nor to 
G, but -will move in a direction between these points. 
The exact direction, and the distance it will go, are deter- 
mined by completing the parallelogram AS CD, and 
drawing the diagonal A D, which represents the direction 
and amount of the resultant motion. 

498. Weight. — All bodies left unsupport«d fall to the 
Earth ; and it is from this tendency that we derive our 
idea of weight, and of the difference between a light body 
and a heavy one. On the latter point, however, we must 
not allow the action of the atmosphere to mislead us. If 
we drop a dime and a feather, the latter will require more 
time to fall than the former ; it would, therefore, at first 
appear that the tendency to fall, or gravity, of the feather 
is different from that of the dime. This, however, ia not 
the case ; for, if we drop them in a long tube, exhausted 
of air, we find that both fall in the same time. The dif- 
ference in the time of falling in the air is due simply to 
the unequal resistance which the air offers to the bodies in 
their descent. 

499. Velocity of Tailing Bodies. — ^Machines have been 
invented for determining the exact rate at which a body 
falls near the Earth's sui-faee. Experiment* with these 
show that iu the first second it wUl fall 16-^ feet, and 
that the velocity keeps increasing in each subsequent 
second. The following rules have been established : — 

1. To find the space passed through during any second, 
multiply 16-j^ feet by that one in the- aeries of odd num- 
bers (1, 3, 5, 7, 8, 11, etc.) which corresponds with the 
given second. 

with Fig. 1D3. 498. Whence do we derive onridoa of weight? When a dlnm una 
B fealhec are dropped, what do wo find ss regarda thefr respective tiroes of fall- 
ing? WhatmisapprehsnBionmightnillowT How in this proved lo he a misap- 
prehension? Why does the feather take longer to fall Ihnntho dime f 4B9. What 
do esperlmenta Hhow with respect to the velocity of a falliag hody f Give the 
rule for Andlng tbe space passed through during any eecaud. Oiva the nile fOr 
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IL To find the velocity at the termination of any 
Becond, multiply IQ^ feet by that one in the series of 
even numbers (2, 4, 6, 8, 10, 13, etc.) which corresponds 
with the given second. 

IIL To find the whole space passed through in any 
number of seconds, multiply 16-^ feet by the square of 
the number denoting the seconds. 

Examples.— Vlhat distance will a bodj- fall in tlie fourth second of its 
descent, wbat will be its velocity at the end of the fourth second, and 
how far will it hare fallen in the first four seconds ? 

7 being the fourth in the series of odd numbers, In the fourth second 
it wiU faU through 7 times 16iV feet, or 1 12^ feet. 

8 being the fourth in the series of even mimbecs, ila Telocity at the 
end of the fourth second will be 8 times lO^V feet, or 128J feet, per 
second. 

It will have fallen during the first four socouiIb 16 (4') times 16-iV 
feet, or 257i feet. 

500. Carvilinear Motion, how produced. — ^If a cannon- 
ball were left unsupported at the mouth of a gun, it would 
fell to the Earth in a certain time ; when iired from the 
gun, it has superadded to its tendency to fall a motion 
which carries it to the target. But during its flight 
gravity is constantly at work, and the law referred to in 
Art, 497 holds good in this case also, which is one of 
curvilinear motion. As the cannon-ball is pulled down 
from its straight course toward the target by the action 
of the Earth upon it, so in all cases of curvilinear motion 
there is a something deflecting the moving body from the 
rectilinear course, 

501, Newton's Discovery. — Sir Isaac Kewton was the 
first to see that the curved path of the Moon is similar to 
that of a projectile, and that both are due to the same cause 
as the fall of an apple — namely, the attraction of the Earth. 

jcond. Give lie rule tor flndlDg 

oreecoDdB. niustrate tbese mles 

\n. 600. Hdw Is curvilinear motion prodoced ! Sbow this In the 

in-balL 501. What gnax diBooverj was made bj Newton J By 
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He saw that on the Earth's surface the tendency of bodies 
to fall was universal ; that the Earth acted, as it were, 
like a magnet, drawing to itself every thing free to move, 
even on the highest mountains ; why not, then, at the dis- 
tance of the Moon ? He immediately applied the knowl- 
edge derived from observations on falling bodies on the 
Earth, to test the correctness of Ms idea. 

502. Law of GKAvrrr. — Gravity is common to all 
kinds of matter. Its law of action may be stated thus ; — 
The force with which two material particles respectively 
attract each other ie clirectlj/ proportional to their masses, 
and inversely/ proportional to the square ofths distances 
between their centres. Now, the intensity of a force is 
measured by the momentum, or joint product of velocity 
and mass, produced in one second in a body subjected to 
its action, — and this measure offeree must be remembered 
in discussing the above law of gravity. 

Thus, if our unit of mass be one pound, and if this 
poond be allowed to fall toward the Earth, at the end of 
one second it will bemoving with the velocity of (16-^2X2) 
32^ feet per second. Now let the mass be a t«n-pound 
weight ; it might be thought that, since the Earth attracts 
each pound of this weight, and therefore attraets the 
whole with ten times the force with which it attracts one 
pound, we should have a much greater velocity produced. 
The old schoolmen thought so ; but Galileo showed that a 
ten-pound weight will fall to the ground with the same 
velocity as a one-pound weight. This fact is quite con- 
sistent with our delinitions of gravity and force. Un- 
doubtedly the ten-pound weight is attracted with ten 
times the force, — but then there is ten times the mass to 
move; so that, although the velocity produced in one 
second is no greater than in the case of the one-pound 

what reaBoning did he arrive at this coucJiislon ! BOa. la gravity conllnei! to any 
particular tind of iii«tl«rf Slalfl the law of gravity. By what is the intensity 
of a loiee measured V Illustrate this in the tasB of a ono-poimd and a ten-pound 
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weight, yet if we multiply this velocity by the mass the 
momentum produced is ten times as great. 

503. Now, since each individual atom of the Earth 
attracts each individual atom of the weight, we might 
expect, from our definition of gravity, as well as from the 
well-known law that every action has a reaction, that the 
Earth, when the weight is dropped, at the end of one 
second rises toward the weight with the same momentum 
that the weight falls to the Earth. No doubt it docs; 
but as the Earth is a very large mass, this momentum 
represents a velocity infinitesimally small. 

504. Effect of an Increase of Maes in the Attractii^ 
Body. — It follows from the above law that, if the mass 
of the Earth were twice as great as it now is, it would 
produce in a falling body twice the present velocity, or 
64^ feet per second ; and were it only half as great, we 
should have but half the present velocity produced, or 
16 j^ feet per second. 

Accordingly, at the surface of the Moon the force of 
gravity is very small, whereas on the Sun it is enormous. 
A man carried to the Moon and retaining the same 
muscular power, could jump six times as high as on the 
Eaith's surface; whereas, if carried to the Sun, he would 
he so strongly attracted by its immense mass that he 
would be literally crushed by his own weight. 

505. Effect of DiBtanoe, — A body at the surface of the 
Earth, or 4,000 miles from its centre, acquires, as we have 
seen, by virtue of the Earth's attraction, a velocity of 32^ 
feet per second at the end of the first second. During 
this second, however, it has not fallen 32^ feet ; for, as it 
started from a state of rest, and acquired the velocity of 

weight, and show tliatthe Telocity In both cases <a the Bame. 503, What move- 
ment might we espectln the Earth, when a weight Is Stopped? Doee the Karth 
move toward the weight! With what velocitj, and why t 004. What is the effect 
ofan increase, and what nf a decreaee, ofmaes? Whutfbcts ore stated with re- 
epeotWthe force of gravity at the anrtooeofthe Moon and the Sunf 609. How 
liir does a faillug botl; descend In the first eecond, sear the Earth's unt^^e? 
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32| feet only at the end, it will have gone through the 
first second with the mean veloeity of 18^ feet, and will, 
in fact, have fallen only that distance. Kow, this body, at 
the distance of the Moon, or sixty times as far from the 
Earth's centre as it now is, would fall in one second toward 
the Earth only s^Vf '^^ ^^iV ^^^t- I"^* "^ ^^^ ^'^^ ^^ 
know this. 

506. The Moon's orbit is an exa«t representation of 
what the path- of our cannon-ball would be at the Moon's 
distance fi"om the Earth. In fact, 
the Moon's path MJV, in Fig. 104, 
is the result of an original impulse 
n the direction MJi, at right angles 
I to ^M, and a constant attraction 
I toward the Earth — the amount of 
attraction being represented for the 
arc MJV, by the line MA. To 
find the value of MA, let us take 
'8 Path, the arc described by the Moon in 
one minute, the length of which is found by the following 
proportion to be nearly 33' : — 

27a. 7h. 43m. : Ira. : ; 360° : arc described in Im. 
The arc JJf iV, then, being 33' for one minute of time, 
the length of MA can be readily calculated; it is found 
to be 16-^ feet when Jf_E equals 240,000 miles. That is, 
a body at the Moon's distance falls as far in one minute 
as it would do on the Earth's surface in one second ; in 
one second, therefore, by Rule III. Art. 499 (as 60s, make 
Im., and 60' = 3600), it will fall hut -5^ of the distance 
it would fall in one second at the Eartli's surface. 

Now, the Moon, being 240,000 miles from the Earth's 
centre, is just 60 times as far from it as an object at the 




Howfer wonia it [ill in tha Bamc time at the Monn's enrficef 
renBonlng by wliich (his fast Is arrived at. How. as tar as flisfaiice 
is the lurce of gravitj tbae esperimcntaHj ibuud to vurj f What li 
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Earth's surface is, and we have seen that it is affected hy 
the Earth's attraction only -^-^ aa much. Its distance is 
60 times greater, its gravity is 60' times loss. Thus the 
force of attraction is experimentally found to -ocm/ in- 
versely m the square of the distance. It was this calcula- 
tion that revealed to Newton the law of universal gravita- 
tion. 

507. Eeplet's Laws. — Long before Newton's discovery, 
Kepler, from obsei-vations of the planets merely, had 
detected cortam laws of their motion, which bear his 
name. They are as follows : — 

I. Each planet describes round the Sun an elliptical 
orbit, and the centre of the Sun occupies one of 
the foci. 
II. The radius-vector of a planet deseribes equal areas 
in equal times. 
in. If the square of the time of revolution of each 
planet be divided by the cube of its mean dis- 
tance from the Sun, the quotient will be the same 
for all the planets. 

508. Kepler's Second Law. — It was stated in Art. 301 
that the planets move faster aa they approach the Sun. 
Kepler's second law enables us to find how much faster. 

The Radius-vector of a planet is the line joining the 
planet and the Sun. If the planet described a circle, the 
radius-vector would alwaya be of the same length ; but in 
elliptical orbits its length varies, and the shorter it be- 
comes, the more rapidly does the planet move. 

509. In Fig. 105 are shown the orbit of a planet with 
its eccentricity exaggerated, and the Sun situated in one 
of the foci. The three shaded areas are equal, — the part 
of the orbit intercepted being shortest where the radius- vec- 

latioureveal toNewtoD? 607. Whatis meant bjKepler'aLawBt GiveKepler's 
three laws. 508. What was siatsd in Art. 3011 What due e Kopler's secoud law 
onable OS to find ? What le the Radina-veotor of B planet ? In what kind cif or- 
hils doea the rndlua-rector vary, and how ? 509. Esplain the second law, ivtlh 
Fig. 105. Show from thedgnre bow the velocity at perltieUon and aphelion maet 
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tor is longest, 
as must be the 
cafleinordcrto 
make the areas 
equal. 

The arcs 
A B, CB, and 
EF, are re- 
spect ively 
those desoribed 
at perihelion, 
at aphelion, 
and at mean 



distance, and according to the second law they are trav- 
ersed in equal times. Therefore, as a greater distance liaa 
to be got over at perihelion, and a less one at aphelion, 
than when the planet is at its mean distance, the motion 
in the former case must be more rapid, and in the latter 
case slower, than in other parts of the orbit. 

510. Kepler's Tbiid taw. — The third law shows that 
the periodic time of a planet and its distance from the 
Sun are in some way related ; so that, if we represent the 
Earth's distance and periodic time by 1, and know the 
period of any planet in terms of the Earth's period, we 
can at once determine its distance from the Sun in terms 
of the Earth's distance, by a simple proportion. Thus, in 
the case of Jupiter : — 

Tare of 1 ( Square o! \ ( Cube of "l / CnTie of 
rUi'! 1 I Jupttet'a J I Earth's I I Jnpiter'a 

period \ . J period I ..J diatnace [ . J dlslfluce 

1X1 j (11.86x11.86) { ixixi ) (140.559 

That is, whatever the distance of the Earth from the Sun 
may be, the distance of Jupiter is ^140 times greater. 

compare wltti that at mean dletance. 510, What doea Keplor'a third law ahow 
U9 ? What muat we know, tn dctormlne a planet's dlslance from the Hun In terms 
of theEaith'sdielatice! liluatrate this in ike case of Jupiter, fill. Whstdoee 
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; The followiag table shows the truth of the law 



e are considering :— 






PeripaicTlme. "^.i^^^^l^- 


Mercury . 


87.87 . 


0.3871 . 


Venus . 


227.70 , 


0,7233 . 


Earth . 


865.25 . 


1.0000 . . 


Mars . . 


686.98 . 


1.5237 . 


Jupiter 


4332.58 . 


5.2028 . 


Saturn . 


10759.22 . 


9.5388 , 


Uranus . 


80686.82 , 


19.1824 , 


Neptune . 


60126.71 . 


30.0368 . 



5 1 1. Ceatrifi^^al and Centripetal Force. — As these laws 
■were given to the worid by Kepler, they simply represented 
facts, but Newton showed that they all established the 
truth of the law of gravitation and flowed naturally from 
it. He proved that the motion of a planet in any part of 
its orbit is the result of two forces — one the original 
impulse, which gives it a tendency to move off from its 
orbit in a tangent, and which is called the Centrifi^al 
Force — the other tfis attraetton of the Sun, which deflects 
it toward that body, and is called the Oentxipetal Force. 

513. Newton also showed that the attraction is pro- 
portional to the product of the masses of the bodies. 
That if we tate two bodies, the San and our Earth, for 
instance, we may imagine all the gravitating energies of 
each to be concentrated at its centre; and that, if the 
smaller one receives an impulse neither exactly toward 
nor from the larger, it will describe an orbit round the 



le table ihow( How do job flnil the resnlta to agree! In tie cafe of whnt 
lanetia there theereatest devlatiim? 513. Wbot did Newtoo show with reapect 
1 these lawa of Kepler t Of what did be protelliot the motion of a planet in 
ny part of ita orbit ia the reenltt BIS, To what did Newton ahow that the at- 
raction ia proportional ( Whore may we imagine all gravilatlna energy to be 
Dnoentratfldt What did Newton ahow with regard to the emaller of two 
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larger. That this ortit will be 
one of the conic sections — that 
is, either a circle, ellipse, hyper- 
bola, or parabola (see Fig, 106), 
Which of these it will be, de- 
pends in each case on the direc- 
tion and force of the original 
impnlse, which, since the move- 
ments of the hea\enly bodies 
are not arretted as bodies in 
motion on the Eaith's surface 
are, is stil! at work. 
Pie. T06.-TH1 coBio SioTiovs- Were the attraction of the 
AB, cirde; CD, ellipse; EF. central body to ccasc, the re- 
byperbola; fl ff, parabola. -solving body would leave its 

orbit, in coneeqnence of the centrifugal tendency it ac- 
quired at its start ; were the centrifugal tendency to 
cease, the centripetal force would be uncontrolled, and 
the body would fall upon the attracting mass. 

514. "We may now inquire how it is that, according to 
Kepler's second law, equal areas are traversed in equal 
times. 

The direction of a body moving round another in a 
circular orbit is always at right angles to the line joining 
the two bodies. If the 
orbit be elliptical, the 
direction is thus per- 
pendicular only at two 
points ; i. e,, at the apsi- 
des, or extremities of the 
major axis — the aphelion 
and perihelion points. 
InFig. 107,theplanet 

> ! 514. Wbat is always Che direc- 
ircle r It the orlill; ba elUpUcal, 
ilBTt Wlt.b Sis- 10^1 explalQ tbe 
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P is moving in the direction P7', the tangent to the 
ellipse at the place it occnpieg ; thia direction not being 
at right angles to the radius-vector, the attractive force 
of the Sun helps the planet along. At ^ it is evident that 
the attractive force is pulling the planet back. At Q the 
centripetal force is strong, hut the planet is enabled to 
overcome it by the increased centrifugal tendency it has 
acquired from being acted on at P. At 7" the centripetal 
force is weak, but the planet is not able to overcome it, 
on account of its centrifugal tendency's having been 
diminished from being acted on as at R. 

; 1 ;. Gravity not dependent on the Kass of the Attracted 
Body. — We learned in Article 498 that the attraction 
which a body exerts is the same on all bodies equally dis- 
tant from it, without reference to their mass. A dime and 
a feather are equally attracted by the Earth, In like man- 
ner, if we had the Sun, Jupiter, a pea, and a mass twice aa 
gi-oat as the Sun, at the same distance from the Earth, the 
Earth's attraction would draw them all through the same 
number of feet in a second. 

5 1 6, Centre of Gravity and Hotion. — Since the amount 
of attraction is propoi-tioned to the mass of the attracting 
body (Art, 502), it follows that the attraction of a body 
with 1 unit of naaas will be 1,000 times less than that of a 
body with 1,000 units of mass — thia proportion being, of 
course, kept up at all distances. If in the case of two 
bodies, such as the Earth and Sun, all the attractive force 
were confined, say, to the Sun, then the Earth would re- 
volve round the Sun, the Sun's centre being the centre of 
motion. But as the Earth draws the Sun, as well as th« 
Sun the Earth, both Earth and Sun revolve round a point 
in a line joining the two, called the Centre of Gravity. 

Tarjing volocity of s bodj moving In an elllpHtal orbit. fil5. Of what is the at 
tFsctlon which a liod; exerts entirely indopondeatF 616. ir all tiio nttmctlre 
force were confined to one of two bodlee, what would he the rKsultf As thej 
mntuallj attract each other, what follows C What Is meant by the Centre of 
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5 1 7. The centre of gravity and motion would he deter- 
\g mined, if we could join the 

£ ^J two bodies by a bar, and 

^ find the point of the bar at 

^ESTnB OP OiiATiTT AKD Mo- whlch (supportcd oo a ful- 
noN IN THE CASK OP EijDii: MAaaEB. cram) they would balance 
each other. It is clear that, if tho two bodies were of equal 
mass, this point would be half-way between the two, as at 
C in Fig. 108. If one were 
heavier than the other, the 4-^" N 

point of support would ap- (tfj ^ 1 

proach the heavier body in ^*— ^ 
the ratio of its greater fib. 109.— Cebtbe or (JsiviTr avd mo- 
weight (see Fig. 109). In ''""' "^ '"^ ''*™ '"' ^'"'"^'^ ^^''^^■ 
the case of the Sun and Earth, for instance, the centre of 
gravity of the two lies within the Sun's surface. 

518. Seterminatioii of ISasseg. — It follows, from what 
has been stated, that the masses of the Sun, and of those 
planets which have satellites, can bo determined, if the mass 
of our own Earth and the distances of the attracted bodies 
from their centres of motion are known. Since, for in- 
stance, the planets revolve round the Sun, from the curva- 
ture of tbeir paths, we can determine the amount of the 
Sun's attraction, — ^wMch, it will be remembered, is pro- 
portioned directly to his mass, and is wholly independent 
of tho mass of the attracted body. Having ascertained 
the Sun's attractive force, and adjusted it to the distance 
of 4,000 miles from his centre, we can compare it with that 
of the Earth, and find bow many times greater his mass is 
than the Earth's (Art. S22). In lite manner, we can weigh 
Jupiter, Saturn, Uranus, and Neptune, by finding the effect 
their attraction has on the orbits of their satellites — also 

Gravitj! Sit. How could the centra of gmvltr and motion bo dalennlnedt 
Wbero wonld it lie, if the bodiea were of equal masa ? Where, f f one were henvler 
thantheotber! Where dooa it lie In the case of the Sun ami Ihe Earth? B18. 
Botvcftn the mapgea of the Sun and of thoae planets that have aatellileeb!: deter- 
mlnodf How can the maeeee of those double starB whose diBlancesare known 
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the double stars whose distances are known, by moasm-ing 
their eifect on each other's orbit. 

519. Detennination of the Earth's Density and Ufass, — 
We must first find the Earth's mass, or iveight. It is not 
sufficient to determine its bulk, because it might be light, 
like a gas, or heavy, like lead. The mean density, or 
specific gravity, of its materials — that is, how much they 
weigh, bnlk for bulk, compared with some well-known sub- 
stance, such as water — must be determined. 

520. The Earth's density has been detennined in three 
ways : — 

I. By comparing the attractive force of a large metallic 
ball of known size and density, with that of the Earth. 

IL By finding how much a large mountain will deflect 
a plumb-Iino, or draw it toward itself from the perpendic- 

m. By determining the rate of vibration of the same 
pendulum on the top and at the bottom of a mountain, or 
at the bottom of a mine 
and at the Earth's sur- 
face. 
).. 521. The Carendisli 
" Expeiiment. — It will 
here suffice to describe 
the first-mentioned meth- 
od, adopted by Caven- 
dishinl798. Theweight 
of any thing is a measure 
of the Earth's attrac- 
tion. Cavendish, there- 

tie emaUlendsn balls on the rod C. J!)B,f0''e, tOok tWO Small 
the enspendlne wire. .F S, the iBrRe leaden leaden balls of known 
ballB on one Pldeofthe BmaHoneB. HE, . ,^ , „ , ^, 

tho Inrge loaden bane In n position on tbe Weight, and IlXea tnem 
other side, ^^ ^^ gjj^g of 3 slcnder 

bedeienninedf 519. WbatmuBt we first flnaf Why la it not snffldent to do- 
tetmine the Earth's bulk t 5a0. In what thres wiye has the Earth's deuBity been 
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wooden rod six feet long, suspended hy a fine wire. Wien 
the rod was at rest, he placed two large leaden balls one 
on either side of the small ones. If the large balls exerted 
any appreciable attractive influence on the smaller ones, 
the wire would twist to allow each small ball to approach 
the large one near it; and a, telescope was arranged to 
mark the deviation. 

Cavendish found there was a deviation. This enabled 
him to calculate how great it would have been had each 
lai^o ball been of the size of the Earth. He then bad the 
attraction of the Earth (measured by the weight of the small 
balls), and the attraction of a mass of lead as large as the 
Earth, as the i-esult of his experiment. The density of the 
Earth, then, was to the density of lead as the attraction of 
the Earth was to the attractive force of a leaden ball as large 
as the Earth. This proportion gave the Earth a density 
of 5.45 as compared with water, the density of lead being 
11.35, With this density, the mass of the whole Earth 
can readily be determined ; it amounts in round numbei's 
to 

6,000,000,000,000,000,000,000 tons. 
But this number is not needed in Astronomy, the relative 
masses indicated in Art. 157 arc sufficient. 

52Z. Determination of the Sun's Kass. — We are now 
prepared to determine the Sun's mass, if we can iind how 
many times it is greater than that of the Earth. This we 
can do by comparing the action of the Sun and the Earth- 
on a falling body. 

On the Earth's surfcice, i. e., 4,000 miles from its centre,- 
a body falls 16i^ feet in a second. Can we determine how 
far it would fell at 4,000 miles from the centre of the Sun ? 
This is easy : by the process used in the case of the Moon 
(Art, 506), we find that the Earth falls to the Sun .0099 
feet in a second. But this is at a distance of 91,000,000 
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miles from the Sun'a centre. We muBt bring this to 4,000 
miles from the Sun's centre, or 22,V50 times nearer, — which 
we do by multiplying the square of 22,750 by .0099, since 
attraction varies inversely aa the square of the distance. 
The result is 5,123,758 feet. Then 



16-:V ; 5,133,758 



( terms of tiie Eartit's, 



Solving this proportion, we find that the Sun's mass is 
appTOximately 318,641 times greater than that of the Earth. 
Ite exact figures are given in Table IV. of the Appendix. 

523. Similarly, from the orbit of any of the satellites 
we determine its rate of fall at 4,000 miles from the centre 
of its primary, and by the same process as above we find 
the mass of its primary in terma of the Earth's mass. 

524. Determiuatioii of the Comparative Force of Gravity. 
— The force of gravity on the surface of the Sun or a planet, 
compared with that on our Earth, may be determined in the 
following manner : — 

Let as take the case of the Sun, Tf we express the 
Sun's mass and radius in terms of the Earth's, then the 
force of gravity on the Sun's surface, in terms of that on 
the Earth's surface, will be 

Sun's mnsB 314760 _ 

Square of radius " i07"8'' " ^'■ 

525. Perturliatioiis.'— We have seen that it is the at- 
traction of gravitation which causes the planets and satel- 
litea to pursue their paths round the central body ; that 
their motion is similar to that of a projectile fired on the 
Earth's surface, if we leave out of consideration the resist- 
ance of the air ; and that Newton's law enables us to de- 
termine the masses of the Sun and of the other central 

the proceee by vhtch Uio Sun's mass 13 d^leri^ined Whnt is it fonnd to be In 
termi oftheEarth'i mass! 593, B; tbe aamo proceed, wbat furtber msy we do- 
termlne! SH. Howls Ihe force ot gravity on tbe Snn'B eurfltcc foiiiid! 5^5. 
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bodies from the motions of the bodies revolving round 
them, when the mass of the Earth itself ia known. 

Now, the orbit which each body would describe round 
the Sun or round its primary, if itself and the Sun or pri- 
mary were the only bodies in the system, is liable to varia- 
tions in consequence of the attractions of the other planets 
and satellites. These iiTegular attractions, which vary ac- 
cording to the constantly-changing distances between the 
bodies, are called Perturbations, and the resulting changes 
in the motions of the bodies affected are called Inequalities 
if the disturbances are la,rge, and Secular Inequahties if 
they extend over a long period of time. 

526. These perturbations and inequalities are among 
the most difficult subjects in the whole domain of astrono- 
my; it is sufficient here to say that it is by carefully ob- 
serving them that we have been able to determine the 
masses of the planets that have no satellites and of the 
Batellites themielvcs. 

527. We shall conclude with an explanation of two 
additional and very important effects of attraction of a 
somewhat different kind. One results from the attractions 
of the Sun and Moon on the equatorial protuberance of the 
Earth, and is called the Precession of the Equinoxes ; the 
other is due to the attraction of the water on the Earth's 
surface by the Sun and Moon, whence result the Tides. 

52S. Precession of the Equinoxes, how produced.-— Let 
the equatorial protuberance of the Eai-th be represented 
by a ring, supported by two points at the extremities of 
a diameter, and inclined to its support as the Earth's 
equator is inclined to the ecliptic. Let a long string be 
attached to the highest portion of the ring, and be pulled 
horizontally, at right angles to the line connecting the 



hat does Ntwton'B law enabla ua M flo ! What is meojit hy PeHnrbotioDB ' 
hat are Incqnalitiosf What are Secular IiiequalidBB? 63S. By caretullj oh 
rvlns these ineqiiaHdeB, what hare we been enabled to determine f 5W. Wha 
Foefi^cta orattractloa remain io ha considered C From what does each resDit 
i. IIlnBtrate the effect at the Sun'e attraction in prodncinc pi^caaalon, 
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two points of suspension, and away from the centre of the 
ring. This pull will represent the Sun's atti-action on the 
protuberance. The effect on the ring will be that it will 
at once take a horizontal position ; the highest part of 
the ring will fall as if it -were pulled from below, the low- 
est part will rise as if pulled from above. 

The Sun's attraction on the equatorial protuberance in 
certain parts of the orbit is exactly similar to the action 
of the string on the ring, but the problem is complicated 
by the two motions of the Earth. In the first place, in 
consequence of the yearly motion, the protuberance is pi-e- 
sented to the Sun differently at different times, so that 
twice a year (at the solstices) his action is greatest, and 
twice a year (at the equinoxes) it is reduced to 0. In the 
second place, the Earth's rotation is constantly varying 
that part of the equator subjected to the atti-action. 

529. If the Earth were at rest, the equatorial protuber- 
ance would soon settle down into the plane of the eclip- 
tic ; in consequence, however, of its two motions, this re- 
sult is prevented, and the attraction of the Sun on a 
particle situated in the protuberance is limited to causing 
that particle to meet the plane of the ecliptic earlier than 
it otherwise would do. If wo look at the Earth as pre- 
sented to the Sun at the winter solstice (Fig. 44), and 
bear in mind that the Earth's rotation is from left to right 
in the diagram, it will be clear, that, while the particle is 
mounting the equator, the Sun's attraction is pulling it 
down; so that the path of the particle is really less steep 
than the equator is represented in the diagram. Toward 
the east, the particle descends from this less height more 
rapidly than it would otherwise do, as the Sun's attraction 



ig and a string. B; what is the problem complicated t What is the conse- 
eacfl or the jearly mottoo ! What la the conaequeace of the Earth's rotatton ! 
). If Ihe Earlh w«re at rest, what would the equatorial protuberance soon dn? 
hat Is the effect ot the Earth's tno motions T If we took at th« Earth as pra- 
nled to Che Son at the winter aolstlce in Fij[. 44, what will app«at I What does 
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is still exercised. The final result therefore ia, tLat it 
meets the plane of the ecliptic sooner than it would other- 
wise have done. 

What happens with one particle in the protuherance 
happens with all. One half of it, thei'efoi'e, tends to fall, the 
other half to rise ; and the whole Earth meets the strain 
hy rolling on its axis. The inclination of the protuber- 
ance to the plane of the ecliptic is not altered ; but, in eon- 
sequence of the rolling motion, the places in which it 
crosses that plane precede those at which the equator 
would cross it were the Earth a perfect sphere ; hence the 
term precession, 

530. In the above explanation, no mention has been 
made of the sphere enclosed in the equatorial protuber- 
ance, as the action of the Sun on the spherical portion ia 
constant. It plays an important part, however, in aver- 
aging the processional motion of the entire planet during 
the year, acting as a break at the solstices, when the 
Sun's effect on the equatorial protuberance is greatest, and 
continuing the motion at the equinoxes, when, as before 
stated, the Sun's action is reduced to 0. 

We have also, for the sake of greater clearness, left 
the Moon out of view, although our satellite plays the 
greatest part in precession, for the following reason. The 
action referred to does not depend on the actual attrac- 
tions of the Sun and Moon upon the Earth as a whole, 
which are in the propoi-tion of 120 to I, but on the d^er- 
ent degrees of alt/raction exerted by each upon different 
parts of iAe Earth, As the Sun's distance is so great 
compared with the diameter of the Earth, the differential 
effect of the Sun's action is small; but, as the Moon is bo 
near, her differential effect and consequent influence in 
producing precession ia three times that of the Sun. 

onc-halfoftheprotuTierttncetondtodo.iind what (he other? How does the Enrth 
meet the Btraln! What ia the coDseqnence of the rolling motion ? 530. Whatia 
the effect of the ephere enclosed In the eqoatorlal protubetaiicc 1 What part does 
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531. Chang'e in the Earth's Axis.— The change in the 
position of the equator which follows from the rolling 
motion, is nccossarily connected with a change in the 
Earth's axis. This change consists in a slow revolution 
round the axis of the celestial sphere, perpendicular to the 
plane of the ecliptic. 

532. Nntation. — Superadded to the general effect of 
the Sun and Moon in causing the pi-ecession of the equi- 
noxes, is an effect due to the Moon alone, termed Nuta- 
tion. 

The Moon's nodes perform a complete revolution in 
nineteen yeai-s. Consequently, for half this period the 
Moon's orbit is inclined to the ecliptic in the same way 
as the Earth's equator is, though in a less degree ; during 
the other half, the orbit is inclined so that its divergence 
from the plane of the Earth's equator is the greatest pos- 
sible. In the former .position the precessiona! effect will 
be small, while in the latter it will be the greatest possi- 
ble. 

Were the pole of the earth at rest, nutation would 
cause it to describe a small ellipse every nineteen yeai-s. 
Since, however, the pole is in motion, as we just saw in 



Pia. lll,~P4Tn on IHH Pole of the EqciTOK, P. eodmd the Pole op the 
Heavens (or Eoliptio). Q. ■ 

Art. 531, the two motions are compounded, so that the 
path of the pole of the equator round the pole of the eclip- 

the Moon perform iD producing preceaalon? WliyisltB effect greater than that 
oftJioSunf 631. What motion is produced fn the Earth's nsla. In coosaqnence 
of the change in the position of thoeqnalorf 683. What effect, flue tii Oie Moon 
alone, helps to produce the preceseion of tlic eqninaxee! What le meant hy 
Nulotlou? If the pole of the Earth were at real, what would untatlon caosatt 
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tic, instead of being circular, is waved, aa shown in Fig. 
111. 

533. The eifect of this motion of the Earth's axis on the 
apparent position of the heavenly bodies, and the correc- 
tions which are thereby rendered necessary, have already 
been referred to in Ai-t. 469. 

534, Tides.— Tides are alternate risings and fallings of 
the waters of the ocean. 

The waters gradually rise for about six hours, forming 
Jiood tide, — remain stationary a few moments at hiff/i tide, 
— then begin to fall, forming ebb tide, — reaching low tide 
in about six hours; and then, after a lew minutes' i-est, 
these movements are repeated. The interval between two 
successive high or low tides is 13 hours 37 minutes, — that 
is, they rise and fall twice in a lunar day. 

535. Spring and Neap Tides.— We not only have two 
tides in a lunar day, but twice in the lunar month — about 
three days after new and full Moon — the tides are higher 
than usual : these are the Spring Tides. Twice also, three 
days after the Moon is in lier quadratures, they are lower 
than usual : these are the Neap Tides. It will be gathered 
from the foregoing that the tides have something to do 
with the Moon. In fact, these phenomena are due to the 
attraction of the Sun and Moon on the fluid envelope of 
the Earth — not to their absolute, but (as in the case of 
precession) to their difierential, action ; and the two periods 
correspond with the lunar day and the kmar month, be- 
cause the Moon's differential attraction is about three 
times aa great aa that of the Sun. 

536, Tides, how produced,— It may he stated, then, 
generally, that the semi- diurnal tides are caused by the 
Moon (although there is really a smaller daily tide caused 

to i3" t since It Is in motion from another cause, what is Ihe coneainonOB f 634. 
WhntaroTidraf DeacHbe the snccesBion of tides. What le the intenml he- 
twoon two BiicceaBive hleh or low tides? Why la U just 12 hours and a? mlnnlea ? 
K35. What Is roeant by Spring TidasBnd Neap Tides ! To what are tides due! 
Wlijare thej spechilljconneolea with tli6 lunar day and month? 636. Sowars 
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by the Siin) ; and tliat the semi-monthly variation in their 
height is due to the Sun's tide being added to that of the 
Moon when she ie new and full, at which time the Sun and 
Moon pull together, — and subtracted fi-om it at the first 
and last quarters, when they are pulhng at right angles to 
each other. 

The spring and neap tides thus pi-oduced are also 
atfocted by the difference of latitude between tho two 
bodies. Of course, that spring tide will be highest which 
occurs when the Moon is nearest her node, or in tho eclip- 
tic. The apex of the semi-diurnal tide, also, follows the 
Moon throughout her various declinations. 

537. The double daily tide arises from the action of 
the Moon on both the water and the Earth itself On 
the side toward the Moon, the water is pulled from the 
Earth and piled up under the Moon, as the Moon's action 
on the surface-watiir is greater than its action on tho 
Earth's centre, which is more remote. In like manner, 
since the Moon's attraction for the Earth's centre is greater 
than its attraction for the water on the opposite side of 
the Earth, and since the solid Earth must move with its 
centi'e, the Earth is pulled from the water. Hence there 
are always two tides on the Earth's surface; and this 
double tide is simply a state of the water, without pro- 
gressive motion and nearly at rest under the Moon, There 
is, in fact, an ellipsoid of water enclosing the Earth, which 
always remains with its longer axis pointing to the Moon, 

538, The high water under, or nearly under, the Moon, 
is not caused merely by the direct attraction of our satel- 
lite acting upon the particles immediately beneath it, but 
by its action on all the particles of water on the side of 
the Earth turned to it, all of which tend to close up under 

ordloary tides, and the spring and neap tidee, ptnduced f By whalore tho spring 
and neap ttdeealBO affected! 637. Explain whjthere is adouWe rtftUy tide. 538, 
What TieeldeB the direct atttaction of the Moon on the porticlee iiorned lately ha- 
neatb It helpn Ui prodaca the tides t What ie meant h; the tangential compoueDE 
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the Moon. The force acting upon these particles is called 
the tangential component of the attraction ; and this is 
by fer the most powerful cause of the tides, as it acts at 
right angles to the Earth's gravity, whereas the direct at- 
traction of the Moon acts in opposition to this gravity, 

539. EstabHshmentofthePort-The phenomena of the 
tides are greatly complicated by the irregular distribution 
of land. The time of high water at any one place occurs 
at the same period from the Moon's passage over the me- 
ridian ; this period is different for different pkces. The in- 
terval at new or full Moon between the time of the Moon's 
meridian passage and high water is termed the Establish- 
ment of the Port. 

540. Velocity and Height of the Tidal Wave.-In the 
open ocean, the velocity of the tidal wave may be as great 
as 900 miles an hour ; in shallow watera, it may be retarded 
to even 7 miles, while its height may be greatly increased. 
The average height of the tide round the islands in the 
Atlantic and Pacific Oceans is but S^ feet ; whereas at 
the head of the Bay of Fundy it is ^0 feet. 

5+1. Effect of Tidal Action oa the Daily Eotation.— Aa 
the tidal wave, being regulated by the Moon, does not 
move so rapidly as the Earth, it appears to move westward 
while the Earth is moving eastward; and it has been sug- 
gested that this movement acts as a brake on the Earth's 
daily rotation, cauaing a constant bnt very slight de- 
crease in its velocity. The apparent acceleration of the 
Moon's mean motion may be accounted for by supposing 
thatthe sidereal day is shortening, inconsequence of tidal 
action, at the rate of-^ ot a second in 2,500 years, 

of the attraction ( 538. By what are the phennroena of tbe tMee grculJy com- 
plicated? What is meant bythfl EBtabtielinient of the Port? 640, Dow ereat 
may the velocity of the tidal wave he In the open ocean ? What is It Bometimes 
iQ ehnllow walcre [ What is the averaBe height of the tide mund the ialande In 
the Atlantic and Pacific t At tlie head of the Bay of Fundy f 541. What !s the 
effect of Hdalaclion on the Banh's didlr rolaUon ? Bow much may we enppoee 
the Bideteal day to be Bhortened in consecineQee of tidal action V 
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APPENDIX. 

Table I. 
EXPLANATION OF A8TE0NOMI0AL SYMBOLS. 



Signs of the Zodiac. 



0. T Aries . 

1. s Taurus . 
IL n Gemini . 

III. © Oaneor . 

IV. SI Leo . . 
V. m Virgo . 

The Sun . 
The Moon . 

6 OoigTmction. 
a Quadrature. 
5 Oppoeition. 
Q Ascending Node, 
y Descending Node, 
h, Houre. 
m. Minutes of Time, 
s. 6eooDds of Time. 



YI. li Libra . . 
VII. n Scorpio . 
Vm. # Sagittarius 
IX. ^3 Oaprioomu 
X. ^ Aquarius . 
XL 5? Pisces . . 



Deo'', D., or i, Decimation. 
N. P. D., North-polar 
Distance, 



GreBl: Alphabet, used in naming the Stars. 



a Alpha, 

ji Beta. 

7 Gamma. 

<t Delta, 

C Zeta. 

V Eta. 

6 Theta. 



c Kappa. 
i Lambda. 



Major Planets, 



■ Tau. 
I L'^psilon. 
. riii. 



1 Omega. 



B Heronry. 

S Venus. 

.r S The Earth. 



11 Jupiter. 
■^ Saturn. 



,v Google 



ASTEROIDS, OR JIINOE PLANETS. 



Ceres. 
@ FaUas, 
© Juno. 
Tcata. 
Astriea. 
© Hebe. 
© Iris. 
® Plora. 
Metis. 
@ Hjgela, 
@ Parthenope, 
@ Victoria. 
@ Egeria. 
® Irene. 
© EuBOmia. 
® Psyche. 
© Thelis. 
© Melpomeno. 
@ Foctuna. 
@ Massilia. 
@ Luletia. 
@ Calliope. 
© Thalia. 
© Themis. 
@ Phocea. 
© Proserpine. 
© Euterpe 
@ Bellona,, 

© u,™. 

© Euphrosjne. 

@ Poniona- 

© Polyhymaia. 

@ Circe. 

© Leueothea, 

@ Atalanta. 

© Kdea. 



O Leda 


© 


Eurjdiee. 


<S L'ititn. 


© 


Freia 


H Harmonm 


"J 


Prigga 


© Daphne 


© 


Diana 


© I-,. 


© 


Eur^nomo, 


@ Ariadni 


© 


iMppho 


© Nyaa 


@ 


TLrpaithoro. 


© llufeema 





ALmene 


© HcBtia 


o 


Beatra. 


© Aghin, 


i) 


Cho 


© Dona 


© 


lo 


@ Pales 


© 


Beinele 


® Virginia 


o 


Sylvia 


© ^emanaa 


9 


Thi^bo 


© Europa 


© 


JdH 


@ Calypso 


© 


Antiopo 


@ Alesandra 


© 


^feina 


@ Pandora 


o 


Undmt 


© JTelete 


& 


Mmerva 


Q Mntmosvne 


© 


Auroia 


© Concordia 


© 


Arethustt. 


© Oljmpia 


© 


^gle 


fty Echo 


© 


Clotho 


{ '1 Danae 


© 


lanthe 


© Erato 


© 


Dke 


© Insonia 


© 


Hecate 


© An(,el,na 


@ 


Helena. 


© Maxmiliana. 


© 


Minam 


© Maia 


o 


Hera 


© As.a 


© 


Cljmene 


@ Leto 


© 


ArttiniB 


Uj Hesperia 


© 


Done 


@ Panopea 


© 


Camilla 


@ Niohe 


© 


Ilicuha 


© leronia 


© 


Fehcitaa 


^ Oytie 


© 


I^dia 


@ Gla^tea 


a, 


Ate 
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APPENDIX. 



Table IV.— THE SUN". 






Equatorial Horizontal Pfirallax . , 
Mean Distacce from the Earth . . 

Diameter in miles . ' 

Inolination. of Axis to Plane of Eclipti 

Longitude of Hode 

Mass ..... 

"•f"? I E,rtf, 

Volame 

Fonse of Gravity at 

Eqaator .... 

Time of Eolation 

Appaj-ent Diameter as , 

Marimuia . , 

Minimum . , 



Old Value. New Value. 
. 8.5770" 8.940" 

96,274,000 91,480,000 
862,684 



83° 45' I 

73 40 f 

354,030 

0.250 



for 1860 

814,700 

0.250 

1,345,130 



. Variable witli the Latitude, 
tlie Earth : — 
32' 36.41" 



ADDITIONAL ELEMENTS OF THE MOON. 



Mean Horizontal Parallas 57' 2.70" 

Mean Angular Telescopic Semi-diameter , . 15 33.36 

Ascending Node of Orbit 13° 5.!J' 17" 

Mean Sjnodic Period 29.530588715-' 

Time of Rotation 27.321061418*- 

Inclination of Axis to Plane of Ecliptic . . . 1" 30' 10.8" 

Longitude of Pole ? 

Ddly Geocentric Motion IS" 10' 35" 

Mean Eevolntion of Nodes 6793.39108'' 

Mean EeTolntion of Apogee or Apsides . . . 3233.57343'- 

Density, Earth's as 1 0.50054 

Volume, " 0.02012 

Force of Gravity at surface. Earth's as 1 . . i 

Bodies fall in one second 3.6 feet. 
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APPENDIX. 
ABLG TI.— TIME. 



Mean Solar Duyfl. 

d. h, m, 0. 

The Mean Sidereal Year 3(i5 6 9 9.6 

The Mean Solar or Tropica] Year . . 365 5 48 40.054440 

The Mean Anomalistic Year .... 865 6 ]3 40.3 

II. THE MOSTH. 

Lunar or Synodic MontJi 39 ]3 44 3.84 

Tropical Month 27 T 43 4.T1 

Sidereal " 3T 7 48 11.54 

Anomalistic" 27 13 18 87.40 

Nodical " 37 5 5 35.60 



The Apparent Solar Day, or internal hetween 
two ti'anaite of the Snn over the meridian . variaUe. 

The Mean Solar Day, or interval between two 
transits of the Mean Sun over the meridian 24 

The Sidereal Day 2S 60 4.09 

Tlie Mean Lunar Day 34 54 

Tablb til— COEEECTIOW TOE KEFEACTIOS. 
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ALPHABETICAL INDEX 



ETYMOLOGICAL VOCABULARY OF ASTKONOMICAL TEEMS. 
[The numbers refer to Artiulos, not to Pages.] 



^Btronomy, Altazimuth {< 



Aooeleration, Secnlor, of the Moon's 






II incrf 



loclty eanaed by a alow change in tbe 

eccentricity of tlia Bartli'fl or1nt Ml 
Aohromatiani (n, nithont, and 

Xp-iii<i, color) of lenses, 4S4. 
Adams. diecoTered H'eptune, Ml 
Aorolitea (oinpi the air, and AWos, a 

alone), meteoric sfonea which fiiU to 

the Bartli's surface. 817, 



443, when need, 411. 

AlUtude iolUtudo, helphti. the angu- 
lar height of a celesttal body above 
t!ie horizon, 333 

Anaxlmander, conceited the Idea 
of a plurality of worlds. 21 

Ans'le (ang'/las, a corner), the difiter- 
ence la direction of two straight 
hnes that meet, S6 ; how named, 36 ; 
right obtuae, aad acnte, defined, 3T ; 

tion (499), the angle formed by tho 
line joining the componenta of double 
■ ■ -le direcaon of the dinr- 



ran), pie 



:b ofm 






■c Iroi 






h iSlI to Ow Earth's 



Algvl> Ihe variable star, 
Almanac, Nantical, 4K 
Alpbabst, Greek, 69. 






:a from tl 



. It b 



point passing 
tnrongn east, south, and west. 

Angle of the verlical, tbe diSbrence 
between astronomical and geoiJetical 
latitnde. It Is at the equator and 
at the poles, aod attains a maximum 
of 11' 30" 111 lat. 45V 

AntmlaT (amiiUm, a ring), eclipses, 
S44; nebulie, es. 

Anomalistic, month, SM, 400; year, 



itrio. The I 
; of a planet 



ruo dis- 
jm peri- 
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nliat it n 



GompntQilon ot" a planot^a or 

Anaee (Lat. handles) of Salnm' 

Anti-trades, SOT-SOU. 
Apbellon (qto, from. 
Sun), tbe point lii a 



from 



. ; diBtai 



\i Artliei 
a ofcc 



)S; of plonels, lee Appendix, 
Tabic TX. ; change of, 407, 

ApQgrea (anb sad r^, tho Eartb). (1) 
Tlie paine in t!io Moon's orbit f»t- 
tbeat from the Earth, 31S. (3) The 
posttloa In which the Sun or other 
body is fiiithest fivam the Earth. 

Apsis (Eifi<«, a curve) , plaral Apsides. 
The line oE apaidee (407) ie the line 
joining the aphelion uid perihelion 
polnle ; It <s therefore tbe major axle 
of elliptic orbits, 

Arabians, the chief aBtronomorB of 
the Darlt Ages, 33. 

Aratus, doacribed the ieailing con- 
etetbtloQs la voi-se, 64. 

Ato, Dinrna], the path described by a 
lienveniy body between rising and 
Betting, 360; Semi-diurnal, half thb 
path on eithoreido of the meridian. 

Aroturus, proper moHon of, 03. 

Aries, TirBt Point of, one of the points 
of intaraectlon of the cpleotial equator 
and ecliptic, and the atarUng-point 
tor B. A, and celestial iongitadu, 

Aristdfchus, taught tbat the planets 
covolve ronnd the Sun, 31. 

Aristotle, his opinion respecting tbe 
Milky Way, 4fl. 

ABoendlnff Node, SSI. 

Ascension, Right, the angular dis- 
tance of a heavenly body from tlie 
firBt point of Aries, measured on tbe 

. equator, SaS. 

Aspects of the plnncls, 870. 

Asteroids (ott^p, a star, and cISo;, 
form), mhior planelB, 137; diBCorury 

. of, 142, 991; size, 398; force of grav- 
ity, 893; orbi 



ofdlBt 



'Otation, S94 ; mode 
■ ; theory respecting. 



Astrooomy (wrT>)fi, it 



law), defined, 1 ; uaefu 

early history of. 19-33. 

Atmospliere {iritif, yap. 



134, 138; of Earlli, 
Moon, 3S3; ofMarE 
STI ; reftaction of t 
Attraotion of grai 



310 1 of Jupiter, 



Axis,^ the line on which a heavenly 
body rotates : the major axis of an 
oliiptlcal orbit Is the line of apsides ; 
tbe minor axis is the line at right 
angles to It; the semi-ails major Is 
equal to the mean disBinoe. 

Axis ofthc Earth, its Inclination, ISO; 
motion of, 531 ; inclination of Snn'a, 



Axis, polar, i 



Id decllnati 






Azimutb (.samatha. Arable, to go 
toward), the angular dlatanco of a 
celestial object from the north or 
south point of tlie meridian, 33it. 

Baily's Beads, notched appearance 
sometimes proaent^d in the narrow 
ring of light in on annular eclipse. 



Belts, of Jupiter, ^16; of calms and 

wlniis, an ; of Saturn, 331. 
Biela's Oomet, 343. 
BisssKtUe {bis, twice, and lexiut, 

Bqde's Law, 390. 

Bolides, SflT, 

Bond, hia diacoveries respecting Sat- 
urn's rings, 383. 

Bmilanoy, of the stars, 41 ; Sun, 
lOS; Moon. ^4; minor planets, 399. 



Oalendajr, 403-405. 

Calms, equatorial. 307; ofCanccrni 

Capricorn, 307; polar, SOT. 
Catalogtiea of stars, 449, 
CaTendiBh. experiment, the, BSl. 
Celestial, sphsn "' """ 



; two methods of 
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Chinese, tlieic early attenlioa to 

tmDomy, aO. 
Ohronograpll (xfi^i'ot, time. 



Tiew of 0, t^anBi^ci^clfl or 
stinmeiit, 447. 
Cirole, defined, 31 ; great ai 



IliiBd, B! 



dedini 



le decUuat! 
Tial, by wUich the decUnBtlone 
celuBtlal budles ate mcaenred, 4 
iTsnatt, an inBtmiDBnt for otHen 
tbe l.raaslt of heavenly Iwdlee aci 
' tbe meridloa sud their zenith- 
lance, 413; of perpetnal apparitio 
circle of polar distance equal to 
lalitiidsoftheplacc,thoBtareTCll 



CiTctuciference oi 
31; hoiv iltvlded, J 
Ciroiiiapolar aian 
Clepsydrae (^*fl^^^ 



I circle, defined, 
I, a water-clock), 



Clock, principles of constrnction, SSB ; 
Inyentloa of, 889 ; Tycho Brahe a 
regulator, 88B; appltcatlon of tba 
pendnlum, 3E9j sidereal, aST 

Clook-stars, etara the positions of 
which have heen occnratelj d ter 
mined, used in regulating astroDomi 
cal clockE and detorminliig tlie time 

Clouds, on the Earth, 911 ; on Mars 
3T0. 



CollimCL'ioil (enm, with, and li 
limit), line of the optical axl 
telescope; error of, the dletai 
the cross-wires of a telescope 
the line of colltmalion, 438. 

Collimator, a telescope used I 
tfirmlning the line of colilraati 
fixed ostroDomicnl InslnmentE 

Oolors or Btars, 18-80. 

Colures (noAo™, I divide), grei 
cles passing throngh the eqni 



Cornea (Lat. waii>imUm], Iho sraallar 
couiponent of a double star. 

3omBta (nonijn)!, long-haired), proh- 
aWj masses of gas, 13,804; orbllaof, 
ESS; distances fnim Snn, 293, 583 ; 
long and short period comets, SBB ; 
bead, nucleus, and tall, 300 ; changes 
as they ai)proach the Snn, SOI; en- 
velopes, 301; velocity of, 301 ; proh- 
ahly harmless, SOS; division of Ble- 
lu's comet, 303; physical conslitii- 
tlon of, 304 ; numbers of, in onr flj»- 
tem, 305 ; how formeHy regarded, 



Compression, polar, the ai 



Venns 



. of Jap 



r, 3T3, 



Cone of shadow 

Oouio aeotions, the, B13. 

Conjunction. Two or more hodiea 

are said to be in conjnnotlon wheo 

jnnction, tbe bodies are on the same 

tlon, on opposite sides, 3TO. 
Constant of aberrnUon. 493. 
Constellation <ci 






ip of stare supposed to 



arranged, N; zodiacal, SB; northern, 
66 sonthem, 01; clreuinpolar, 34», 
BIS visible on different evenings 
Ihroughont the year, 349-3B1. 

tern of the nniverse, SS. 

Oopemloiis, Innar crater, 830- 

OoTWna (Lat. crajwi), the halo of light 
which Burrounds the dark body o/ 
the Moon during a total eclipse of 
the Sun, 240. 

Correotions applied to ribserred 
places, 450-4b0 lor refraction, 461 ; 
aberration 4B" ] arallai 4B4 pre- 
ceseion of the eqn none' and nata- 
tion, iSB^liO 

OorrugatiOnB mi the Sun s disk, 

Ooamloal r s ng anl setting of a 
hcaveulj body i » r og or selling 
with the "Inn 

Craters ( poT^p a mix ng bowl) of 
the Moon '> m 

Crust of lie El th 193 101 t ipcra- 
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303 



1; thlnknesB, ^aO ; detiBltf, 



tliei 



It or it! 



Ourtats distance, the difiCanc 
celi^Clol liody fiom tbe Sua or 
projected on tlia plane of tlie e. 

CuBP (cs^-, It sharp point), t 
tremitiea of the Ulutnitiatad i 
the Moon or Infurior plancta 
crescent phaaa. 

Oyole (>:i><\oc, it circle} oFeclip si 



Bawea, his aeacriptlon of the rod- 
llauiee seen during the total edlpse 
of the Sun in 1960, 2fll ; lUscoTery of 
Saturn's Inner ring, aSS. 

Day, apparent and mean solar, 395; 
dvil, 39S ; sidereal and eolar, 85S ; 
and night, how produced, 18S, 183 ; 
length of, In dlS^rent latitudes, 1S4 ; 
how to And the length of, 361. 

Declination, the angular distance of 
a celestial body north or eouUi fhim 
the equator, S^; paralleh 



tofe<; 



3S. 



9,436. 
■B SGOth part of any circle, 



., Mr., his 






plinetEiry photi^tapha, 495. 

Demoorltus, his opinion reepectJug 
the Milky Way, 48. 

Danalty, whatltla,lBK; ofUteEatth, 
156: how detennloed, Ba); of the 
Earth'a cmst, iWl; of the Snn, lOB; 
of the planets, 16T. 

Sasceudlng' IToda, ^!. 

Detonatii^ meteors, 316. 

Diameter, of the Earth, 162; Moon, 
aiT; Sun, 108; planeta, 100; ofheav- 
ealy bodloa, how fonnd, 415. 

Difflt, the twelfth part of the diam- 
eter of the Son or Hoon, need tn 
messorinj; the extent of a partial 

Dimensions, of the Sun, 103 ; Earth, 
163; Moon, 317; lunar craters, aW; 
the planets, IBO; Saturn and hia 
rtnga, S84; how determined, 47S. 

Diodlorus, his opinion reapectlng the 
Milky Way, 46, 

Diak (5iVji«), the viaihlo anrfiice of tlie 



D, Moo 



.rpJan 



Diaperaion of light, 414; varies In 
different enhstancea, 415. 

Diatanoe, of stars, 13, 41 ; how dete> 
mined. Hi; of nebiilie, 99; of Sun, 
107; how detei-mlned, 412; old and 
new value of, 4^ ; of pianets from 
Sun, 148; how determined, 469; of 
asteroids, 393 ; of Miion from Earth, 
S18 ; polar, 3M ; bow dialanoflH «ra 
lueasnred, 460. 

Donati'S Comet, 300. 

Double Stars, 60, 63. 



Eactb, the, a planet. 11 ; ie ronnd, 
160; rotation proved by Poncault, 
163, 164; proved by the gyroscope, 
165, 166; polee, 1«S; e<|nator, 163; 
dismelers, 161 ; parallels and me- 
ridiana, 167; latitude, 163 ; longlinde, 
169; tropics, polarcirclea, and zones, 
170; length of polar and eqitatoiial 
diameter, 171 ; shape, 171, ITS, 303, 
303; motions of, 113; effects of mo- 
tions, 181; shape of orbl^ 174, 176; 
change In, ^ ; eccentricity of orhit, 
176 ; when In perihelion, 176 ; veloci- 
ty of rotation, ITT ; velocity of revo- 



11,178; 



I of a: 



i,180i 



day and olglit, 18 , 
length of. ISi ; how to determine, 
361; seasons, 136-189 ; Btriictore and 
past hiatory, 192-197; cniat, ofwbat 
composed, 193 ; interior temperatnre 



of the crDst, 301 ; almospheri 



r; deusll 



rlsihl 



on,3il; ( 



ts of Ibe 1 

of the, 336; effects of ro- 
tation, 336, M4 ; apparent move- 
ments of the stars, aa seen from dif- 
ferent polotB on the snrflice, SSS-Sffl ; 
effects of the Earth'a yearly moUon, 
345, 346 ; Earth's way. 463 ; effljcts of 
attraction of, 601 ; motion of axis, 631. 
Earth-shine, ^3. 



a centre), of an ellipse, the dlslai 
of either focns from the centre, 
vlded by half tbe major bilIs, 36. 
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annular, explained, £44; 



Eoliptie (bo culled 
in tills circle), tliegr 



e Sun pei> 
forniB hifl annual journey, 3BS ; piano 
of the, 111, 145; eecular varintion of 
the oWiquiU of the ecliptic, 4eB. 
£!BTess, tlie paaalng of one body oS 
the disk of onotlieri e, g., one gf the 
aalellitee off JupllBr, op Venns ofT the 

Egyptians, their early progrese la 
Aattonomy, ao. 

XUements, chemical, present In Che 
Squ, 1^: in Bied stars, S3; In the 
Earth's crust, 213 ; in meCeontoa, 



I orhit, quantities Che 
determination of vphivh cnablee ue to 
know tlie form and pneltlon of the 
orbit of a comet or planet, and to 
predict the positions of the body, see 
Appeadii, Tablee II.-V. 
Ellipse, defined, 36 ; how it may be 



drawn, 36; majur i 

doSned, 35; difl^rci 

one of llie conic sect 

BJonpatlon, the an^ 

cur J SDd 



forms of, 174: 



T3; of M 



reappearance of 
body after It has been eclipsed o 
occulted by another ; e. g., the erne] 
Bion of Japlter'a Batellltee from bi 
Iiind Jupiter, or of a star from bi 
hind the Moon. 

Enoke's Comet, 39S, 339, 301, 304. 

Envelopes of Cnn 



day), 1 



It of t 






of the heavenly bodies 

or hour, prepated some time bofora- 

hand, 4R3, 

Epoohi some con:iTaon period for 
which the poal tlons of the heaTenly 
bodies are calculated, 460. 

Bquatton of the centre, the differ- 
ence between the true and the mean 



the difference between true solar and 



Eouator, of a epiiece, 
Itia; celestial, 337. 

Eatitnootlal Line, sf^Squator. 

Equatorial, telescope, 43fi ; method . 
of using, 443 ; hoiisontal parallax, 
4^. 

Equinoxes lagtim, equal, and ndx, 
night), the points of lotersection of 
the ecliptic and equator, 183; the 
Earth as seen from the Sun at the, 
189 ; precession of the, 457 ; how pro- 



ETatoathenes 



the Earth's 



Eatablishment of the port, S! 

EvectJon {eceAere, to carry 
One of the moon's Inequalitiet 
lacreasps or dimlolehea her 



faoulee (Lat, tore/iea), the brightosi 

parts of the solar pliotosphere, im. 
Pallinff Bodies, velocity of, 460. 
Pieldof view, the portion ortheheav 



Flora, the asteroid nearest the Sun, 

Fooua Ot^i hearlKl, the point at 
which convoi;glng rays meet, 418. 

Foci of an eclipse, 35. 

Foroea, parallelogram of, 40T. 

EoBsUe (Lat/foaiHa, dug), 195. 

Fouoault. proves the Garth's rota- 
tion, JC8, 16* ; detenniues the velo- 
city of light, 410. 

FcaunllofBr's Iiinea, 47^, 4BS. 
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centre o( Ihe Earth; Inlitudo and 

Qlbbcnia (Lai. aiSiuj.banchsd) Moor. 

aiobea, use of the, 340; celostml, 61: 
rectJfyiDg the globe, MO, 847 ; globe, 
oeleetial, eiplaiua Sun's duilj mo 



Orauules on the eolar eurOce, IW. 

eraTitaUon, UniTareal, 6D2 ; the 
Moon's patli, SOS; Kepler's laws, 
ED7; rosulls of, 5M; pertnrbiitloiM, 
62S; precession, 538; natatton, 633; 
tides, 634, 636. 

Gravity feim'is, heavy), 498 ; mena- 
iiceat,ontli«Eartl],499; on the Sua 
and planets. G34 ; centre of, 606. 617. 

Great Bear, tbe cDnstellatlo;!, CIS, 

Graeks, tlielr addido 

Gregorian calendar, 403. 
Gyroscope (v<^pof, a cirde, and 



Salley's Comet, 31 
Harvest Moorii 36 
Head cf comets, 300. 
Heavens, how to < 



HeUoocnt 



J ffi>^". 



tling of 
1 Tlslble 

Ding, tir night. 

Ihe Sun, and 



roferrod to, the centre of the 
. latitude and lon^tudo, S^. 
Hellometer (^*"ii, and (i<t(i 

measure), a lolcscopo with a divided 

distances with groat 
> tailed because flrst 



Ct-glBSS. 



Horizontal Parallax, 465. 
Hotuvan^le, the angular distance of 
heavenly bod; from the meridian, 

le equatorial teisBcope, by whieii 
leht ascenelona ate Indiualed, 448. 
his spectroscopic ob- 



liiyebenB, discovered tbe true ti 






rothoS 



Hemispheres (lii't, 1 
a sphora), halt the aarfhce 
lestlal sphere. 

Hersohel. Sir W„ disco- 
inner eateUltes of Satnrn. 
LB, 140; priuc 



reflector, 484. 
Hindoos, their ideas of an eclipse, 

Hipparohus, caialogucd Ihe stars, 31. 



Hyperbola (virtppoXij), i 



ImmeTBion (Immfrgere, hi plnnge i 



Inclination of on orbit, 
between the plane of tbe 
the pluoe of the ecliptic ; ol 



., 370. 
mumical, 43 



>t Jupiter, 
euf Jupller. 



sons, 274; description of, KB, 876; 
belts of, 276 ; its rapid rotation, 87B ; 
prohably surrounded by an Itomense 



plained, 6fl9, 614; tblivi law, l>lns- 
ted and proved, 510, 611. 
Klrohliofl"a Investigations of epec- 



Inferior Planet 
lustmments, b 
Irradiation, S2^ 
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Iiatitade ilaiiiudo, breailth), terres- 
ti-lul. lifS; how obtained, 465; Cele9' 
tial, 3SS ; how obtained, 4S1 ; latltndE 
0/ a place Is equal to the altitude of 
the pole, 8»9; Geor -"- "" 



tnfle us reckoned from the c 

the EarUi, Sua, Jupiter, and 

liens, what It 1b, 41fi ; Ub a 

a nt; of %ht 418 ; binds 



c, Ifltr- 



fraction by concavB, ^23 : axli 

430; achromatic, 484; chromatic and 

epherlcal aberration of, 480. 

I.e VeiTier, discovered Neptmie, 141, 

Librationa of the Moon, 2S0. 

Ll^ht, what It ie, 408; velodty of, 
4119: aberration of, 410; refi-actioa 
and redectlon, 411-413; dlsperBlon, 
411. 

Iilmb, the edge nf the dUk of the 
MoDU, Sun, or a planet. 

Idne, defined, 34 ; straight and curved, 
defined, 3S; parallel lines, deSned, 
sa; line of apsides, 4IK; of nodes, 
the Imaj^nar; line between the as- 
cending and dOBcendlng node of on 
orbit. 231. 

IiOt^itude (UmnttaOo, length), tfltres- 
irlsl. 169; bow determined at Eca, 
191, 4H8 ; In flsed obBerratnrioa, 4ffJ ; 
celeeUal, 355; how determined, 461 ; 
mean, the angular distance from the 
drat poiut of AiieB of > planet or 
come uppo ed to m h mea 



Lunation la riod ti 

Moon's Journey round the Earth, 399, 
ZiUni-aolar precession, eee Freces- 



Major 



0,41. 



Mara, 366; distance tram the Snn 
and period of revelation, 148; diam- 
eter, 150; volume, mOBS, and den Pity, 
lOT; day and year, 389; descripllon 
of, ai7 ; bow presented to the Enrtli 



In different 


parte 






rblt, 388, 




land, wate 




d clouds. 


aiD; its' ice 


and sD 








373; how it 






IboBartb 


isdeiennined,4Tl. 








Itasa, the qu 


antity 


ofm 






enlyhodjco 


stains 


of 




109; How 


determined 


53i;ofpla 


ets. 


167 ; how 



:mined, S 

from the Sun, m 

Mean distance of a planet, etc., U half 
the sum of the aphelion and perihe- 
liim distances. This is equal to the 
scRil-asis -major of nn elliptic orbit, 
148, Mean anomaly, we Anomaly ; 
mean obliquity is the obliquity uu- 
aB^ted by nutation ; mean time, 
395; mean Son. 396, 

Mercury, S5T; dlBtt 






148; 



apparent diameter, 
388; heat and llsbt, 369; seasona, 
359 ; day and year, 360 ; denaity and 
force of groritj on Its sarGice, 380 ; 
polar coraprasalon, 360; mountains, 
381 ; distance ^om Ihe Sun, 148 ; 
diameter, ISO ; relativo volume, mass, 
and dcHsltj, 1B7 ; elongaUon, 873. 

Meridian, (nuriillei., midday), the 
great circle of the hesTens passint; 
through ths zenith of any place and 
(he poles of the celestial sphere, 197. 

Metals and metalloidB, list of, Mi; 
p es n In the Sun and stare, 10. 

Meteori ea, 817; how divided, 317; 
m k ble meteorlcfitllB, 819; chem- 



, 307; numbers 
wer, 307; cxplana 



lofat 



ring. 308; radiant-point. 311 ; cant 
of btililancy, 313; shape of orbit 
813 ; weight of, 814 ; velocity of, 31: 
Anguat and April showers, 316; (1 
t^aaltug meteors, 316 ; aporadi 

ffietlas, invented the telescope, 437. 
Miorometer (iiKpo!, small, and ^ 
Tpoi', measure), an inatrament wil 
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lt,4£ 



B,ia7i 1 



Mlra, "the marTeQons," 74. 

Monlji, the, 3flS ; length of the iDDitr 
and oUier monChe, 40I}. 

Moon, why tts shape chnngas, IS; 
size, %n; distaace, ^OS; orhit, Sas, 
3^; periudofrevolHtloD, ai9; libra, 
tloas, m; uodes. ^1,347; Ucioa's 
path RoDCUTe with respect tuttie Sun, 
aaS; enith-ahliie, ^; brightneaa of 
MoOQ, S31 ; nppareat dlffeience of 
size, Wi; description of earhce. 









m; In. 



g precenslc 
630; prodDceannlWion, 633; influ- 

elemonts of, ees Appendix, Table V. 
Uoons, eee Satellites. 
VtOTuLag Star, SSH. 
Uotlan, proper, of slara, BS; nppar- 

ent, of planets, 364-3T4 ; direct and 

cetro^ade, 373; laws of, 496, 487; 

resullant, 497 ; cnrvilinear, how pro- 



B, Innar, he^ta of, aa 



diiced, a 
aiountal 



Nadir (iwWnra, to correspond), the 
point beneath the feet, W. 

Koap tidea, 535, 

Ifebnls (net/via, a clond), why so 
called. 7; are masses of gae. 13. 10^ 
488; olBBHflcationot,93; lightof,99; 
variability of, 100; distribution of, 
101; pbyaicnl dlstdbutlon of, 103; 
Bpectmm analysis of, 486< 

Melralar hypotbeaia, 103, ai6. 

Nebulous stare, 98. 

Neptune, SS9 ; distance ftmn Ihe Son 
andporiodof i'eTOlntIon,148; diam- 
eter, 150 ; TOlume, mapa, and density, 
167; discover; of, 141; light, heat, 
and deusil?. %9. 

Newton, discovered the law of gravi- 
tation, 33, 601. 

Kight, snccoasion of day and, 183 ; 
how to find Ihe length of, 361. 



Nodes (aodus, a knot), the points at 
which a comet's or planet's orbit in- 
tersects ilie plane of the ecliptic: 
one is termed the ascending, the 
other the desceudii^, node, 221. 
Longltade of the node, Oie angnlar 
dislaiice of Ihe node fmm the fii'et 
point of Aries. Line of, Sai. 

NnbeoiiU Major, 47. 

Nubecula Minor, 47. 

Nucleus (Lat. toW), ot a cornel, 
300, 301 ; of snn-BpotB, 116, 

Nutation (ntitatio, a noddlne), an 
osclllatoiy movement of the Eattli'3 
axis, due lo the Moon's attractiiin on 
Ihe eqiiatoria! pratuberance, 533. 

ObjBot-glaaa of telescopes, 428; 11- 
Inminntini! power of, 439 ; accnraey 
regnlred in constructing, 430 ; lacijcst 
object-glass, 488. 

Obliquity of the eclipllc, variailon 



Oooultation (oOTwIto™, I 



I, the 



Opimattioii. A superior planet is in 
opposition when the 3nn, Earth, and 
the phinot, are in the same Brrai^bt 
line, with the Earlh In the middle, 
870, 

Optical donble stars, 69. 

Orbit (orSfc, a circle), the path ot a 
planet or comet mnod the Sun, or of 
asaleHlle round a primary; of Che 
planets, 174; of the Earth, 176; of 



the Moo 



,232; of Mew 



68; of 



!ctionofa< 
Idea, BIB, 






Parabola, a 



Parabolio orblls of comets, 293. 

Parallaotlo Inequality, an Irrsgulari- 
ty in the Moon's motion, arising 
flTMQ the diflfetence of Oie Snn's at- 
tracUon at apheUon and jerlheUou, 

Parallai: (unpiJAaiis. alternation), 
455 ; correction for, 464, 406 ; eqna- 
lorifll horizontal, 455; of the Moon, 
479; of MnrB,471; of the 8nn, old 
and new value, 473 ; of the stars, 473, 
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Penumbra (pmne, 
bra, a ahadow), the li 
aurrouJidB Uic deep 

ParigoB ("«(>'. noar, e 
<1) The point in t 
ncarcittthfl Earth, S 



ALPHABETICAL INDEX, 
ilmoet, and 



Iw.theEBttb). 
Moon's oi" 
(2) The pi 

«, the 



the Snn, ITS; distance, the diBtanue 
of B heavenly bofly from Iho Snn at 
its ncareet approach ; iongltHde of, 
one 0/ the elements of an orbit, the 
nnguior distiinco of the perihelion 
point from the fltBt point of Aclea; 

ljbo<b' makes its nearest approach 
ti> tbe Son ; Slelance of comets, 2BS ; 
of planets, see Appendix. Table n, ; 
change of, 407. 

Peri-Jove, Batnminm, etc., the near- 
est approEich of a satcUite to Jupiter, 
Saturn, ttt. 

Period <^^ep>, rotind, and Hit, a path), 
or periodic time, the time of n plan- 

tion; aynodio, the time in which a 

with rSRard to the Sun and Barth, 
ffJB. 
PertnrljattonB (pertvTiare, to Inter- 



tions of the planets and satellites 
upon each other, consisting of vnria- 
tioQs In their motions and orbits, 
SSS. 828. 

Phases ij-int, an appearance), the 
Tarions appearances presented by 
the lllnminated portions of the Moon 
mS), and inferior planets (MT, 283, 
369) In dlffiareirt parts of their ortilts. 

Photography (tat, light, and iiia^i, 
a painting), celestla], 495. 

Photosphere (<iuTDt, of light, and 
•T^lfit, a sphere), of the atare, 8*, 83 ; 
of the Sun, 124. 

Physical eonetitnlion, of the stars, 
83.**; oflheSnn,™. 

Plane) dsflned, W ; of the eclipUc, 111, 



stars, fl; what they ftr«, 11 ; names 
and symbols of, 1*8; ezphinatlon of 
symbols, 139; historical details, 140; 
a BHspected planet, 148 ; travel round 
the Sun Id elliptical orbits. 144; their 
orhils lie nearly In the plane of the 
ecliptic, 145 ; motions of, 147 ; dis- 
tances from the Sun, 14S ; periods of 
revolution, 14S; dlanictera of, 150; 
comparative size of, 151 ; mass, vol- 
ume, and density, 154-157; minor, 
29a'S96; apparent movements of, 
884-374 ; varying dislunces from tbo 
Earth, 3^.387; variations ia size 
and brilliancy, 3fiS ; phases. 3fl9; as- 
pects, 370; inferior and snperior, 
258; conjunction and opposition, 3TD; 
elongations, 81^^; direct and retro- 
grade motion, and stationary points, 
373, 374; synodic periods. 875; In- 
clinations and nodes of orbits, ffM : 
apparent paths among tht 
elements of. see Appendix, Table II, 

Planetary nebula!, 97. 

Pleiades, a etar-gronp, SB. 

Pointera, the, 34a. 

Polar, diamolcr of the Earth. IBS. 
171; circles, 110; compi'ession of the 
Earth, eiplalned, aOS, 303 ; distaDce, 
sua ; asls of eqtiatorial, 430. 

Polaria |Za*.), the pole-star, 341, 842 ; 
vrjll not always marl: the positioo ol 

Poles (noAeu, I turn). Ibe extremities 
of the imaginary axis on which a 
tates, IS!; poles of 



379; 



the h 



(mities 



1 (pjVEoeflere, to precede) 
of the equinoxes, a slow retrograde 
motion of the equinoctial points 
npon the eeliptlc, 856, 4Sr; eanee of, 
explained, 623-530. 
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Punotulationa, on tte eolar snrfoce, 

PyOiaeoraa, tBught tbat the plaaets 
revolvt! touud tUe Siia, 21 ; divined 
tliH trutli reBpeotlng the MUtj Way 



Qacidrant Isuadraik, a nmrth part), 
the fourth part of tha circumference 
or a circle, or 90' ; of altltndo, a flet 
Ible strip of bniaB graduated Into 9U°, 
attached to tUe celestial glo 






!3tlal Is 



ludee- 



1 being determined by the 



QuarterB of the Muon, & 



Badiatlcm, a 


lar, 130. 




Radius {Lat 


a apolie of 


wheel) 






jolnlna 


the Sao'aud 


planet or oom 




point of Itao 


bit. 608. 




Rain, how ca 






Eed-flames, 


and prominan 


es, las. 



Binga of Saturn, 2(ia-2BT ; why some- 
Books, Bttatlfled, 194; llBt of, IM ; 

Rotation, the motion of a body ronna 
intralnxie: ofSon.llO; ofBartb, 
, of Mood, a3d; of Earth, possible 



la, a term applied bj the Chai- 
ns to the cycle of ecllpaeB, M7. 
SatellitOB isaidlee, a companion), the 

et3 aad elare, 13, 146, 162 ; motloae of, 
Ul , of Jupiter, 2W ; of Saturn, 281 ; 
of Uranns. 2Sg ; sBlelllte of ITeptnne, 
2£9 ; elemeats of, see Appendix, Ta- 
ble m. 
Jaturn, 280 ; distance from the Sun 



jn, 411. 

telescope, 438-433. 

Befraotlon ir^rangere, to Iwnd), at- 
moapheric. 411, 413; of light by 
priamB, 418; correction for, 4B1. 

BetTOBTadatlon, arc of, the arc ap- 
parently traversed by planeta vrhile 
their motion is retrograde, 313, 374. 

BetroKiade motion, 313, 314, 

Revolution, the motion of one body 
round another ; time of. the period 

the some point of lis orbit. 
reTOluMon may either bo anomallBtW 
If measured from the apheUon ot 
perihelion point, sidereal with refer- 
ence to a star, synoaical with rofc 
enco to a node, or tropical with refi 
ence to an sqnluox or tropic. 



B of 3 



ringa ot 



.of, if 



npoeed, SB6 ; appoaranca 
of, fiom the body of the planet, aSOi 
why sometimes inviaible on tbe 
Earth, 38B ; atmosphere, 238 ; aea- 
aona, 3S6; solar edlpseB due to the 
riBga, aai ; how presented to tha 
Earth In diffetent parts of its orbit, 
3B2. 
SoUreiberzite. a mineral found in 

Scintillation (sclnUHa, a spark), the 

"twinkUng-'oftheslarB, 
Seasons of the Earth, 186-199; of 

Mercury, K9; of Venus, a«4; of 

Mars, 3TO; of Jupiter, 314. 
Secular (seealum. an age), inennall- 



mean motion, 541. 
Selenosrapby (n^ 

and ypii'i, I write), a d 

tho Moon. 
9eini-diumal arc, ee i 



I ftl 
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